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I. Overview

The TIDA-00808 is an inverting power supply reference design for industrial applications. It takes a wide
input voltage between 4.5V and 55V and generates a negative 5V @ 1.75A output with 86% peak
efficiency. Since this design is inverting, the maximum output current increases as the input voltage
increases. The reference design features the LMZ36002 SIMPLE SWITCHER DC/DC step down power
module for compact solution size and simplicity. The board dimension is 76.2 x 76.2 mm (3 x 3 inch)
with the solution size of only 30.607 x 20.828 mm (1.205 x 0.82 inch).

Il.  Power Specification

Input Voltage: 4.5V - 55V
Output: -5V @ 1.75A
Total output power: 8.75W

Switching frequency: 500 kHz
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I1l. Reference Board

The Board dimension of TIDA-00808 PCB is 76.2*76.2 mm (3x3 inch) with a solution size of
30.607x20.828 mm (1.205x0.82 inch). Two layer PCB was used for the design.

i3 TEXAS
INSTRUMENTS

Inverting Ref Design with LM236002

GND SNS

GND SNS s

TIDA-00808E1

Figure 2: Reference board bottom view
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IV. Max Output Current

The maximum output current is limited by the switch current limit of the LMZ36002 Buck regulator,
which consists of input current added with the output current for inverting designs. This means as the
input voltage increases, the input current decreases which increases the maximum allowed output current
while remaining under the switch current limit of the LMZ36002. See figure below for the relationship
between input voltage and output current.

Max Output Current

Input Voltage (V)

0.7 0.9 1.1 13 1.5 1.7
Output Current (A)

Figure 3: Relationship between input voltage and maximum output current
V. Efficiency

The efficiency and output regulation was measured at different input voltage conditions.
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TIDA-00808 Efficiency
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Figure 4: Power efficiency at various input voltages
VI. Thermal

The thermal image was taken at 25°C room temperature, no air flow. The board was operating at 55V
input, 1.5A load.

21.0

12/21/2015 15:17:35

Figure 5: Thermal image from top view
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23.0

12/21/2015 15:18:37

Figure 6: Thermal image from bottom view
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VII. Power Up

The reference board was tested under no load and full 3A load on both output channels at 12V input. C1
(yellow) is the input voltage, C2 (pink) is the output voltage on channel A, and C3 (blue) is the output
voltage on channel B.

Wout

5.00 Vidiv
-10.00Y ofst

Figure 7: Power up into no load at 12V input
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Figure 8: Power up into 1A load at 12V input

5.00 msidiy E:topl 100V
500 kS 10 MSisjEdge  Positive

5.00 Vidiv
-10.00¥ ofst

Figure 9: Power up into 1A load at 24V input
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WVout

5.00 Vidiv
-10.00 ¥ ofst

Figure 10: Power up into 1.3A load at 12V input with 0.1uF soft-start capacitor

Vout

5.00 Vidiv 20.0 ms/div] Stop 100V
-10.00 ¥ ofst 2.5 MSisjEdge  Positive

Figure 11: Power up into 1.5A load at 24V input with 0.1uF soft-start capacitor
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VIIl.  Switching Waveforms

The switch node voltage was measured directly from the LMZ36002 module. C1 (yellow) is the switch

node voltage.
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Measure P1:freq{C1) P2:duty(C1) P3:--- P4--- P5--- PB:---
value 498.8345 kHz 18.62%

status v v

imebase 0.00 ps] [Tri
1.00 psidiv) Stop
250kS 2.5 GSis|Edge

Figure 12: Switch node voltage to GND at 1.5A load, 24V input

IX. Load Transients

The load transient responses were tested by applying a load step from 50% to 100% of maximum output
current for a given input voltage. C1 (yellow) is the output current and C2 (pink) is the output voltage in

AC mode.
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A Vout ]
2 ; A R STy = s e il

500 mA/div
0 mA offset

Figure 13: Output load transient response at 12V input, load current switching from 0.65A to 1.3A

; Vout i
c2 A SR ; A

500 mAidiv
0 mA offset

Figure 14: Output load transient response at 24V input, load current switching from 0.75A to 1.5A
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A Wout |
€2 o . . S A

500 mA/div
0 mA offset

1.090 A
Positive

Figure 15: Output load transient response at 36V input, load current switching from 0.85A to 1.7A
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Vout
c2 G s A

500 mA/div
0 mA offset

Figure 16: Output load transient response at 48V input, load current switching from 0.875A to
1.75A

X. Output Voltage Ripples

The output ripple was measured directly at the output capacitors. C1 (yellow) is the output voltage ripple
in AC mode.
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WVout

Figure 17: Output ripple 12Vin, 1.3A load

Figure 18: Output ripple at 24Vin, 1.5A load
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- . 2 Fosive

Figure 19: Output ripple at 48Vin, 1.75A load
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Appendix: Efficiency Test Data

Vin lin Vout lout Pin Pout Efficiency
45187 0.0012 -5.0403 0 0.005422 0 0
45064 0.6784 -4.995 0.5 3.057142 2.4975 81.69395
44982 0.8401 -4.9917 0.6001 3.778938 2.995519 79.26881
45032 1.0114 -4.9882 0.7 4.554536 3.49174  76.6651

4498 1.1671 -4.9855 0.7801 5.249616 3.889189  74.0852

8.0333  0.0006 -5.041 0 0.00482 0 0
7.9956 0.3639 -4.9931 0.4999 2.909599 2.496051 85.78676
7.9972 0.4406 -4.9923 0.6 3.523566 2.99538 85.00989

8.0021 0.5437 -4.9914 0.7301 4.350742 3.644221 83.76092
7.9918 0.6021 -4.9901 0.8002 4.811863 3.993078 82.98404
8.0005 0.6862 -4.9886 0.9003 5.489943 4.491237 81.80844
8.0033 0.8655 -4.9848 1.1004 6.926856 5.485274 79.18851

12.059 0.0004 -5.041 0 0.004824 0 0
12.057 0.24 -4993  0.4998 2.89368 2.495501 86.23972
12.046  0.2892 -4.9943 0.5999 3.483703 2.996081 86.00275
12.029 0.3911 -4.9923 0.8003 4.704542 3.995338 84.92512
12.012 0.498 -4.9881 1.0004 5.981976 4.990095 83.41884
12.043 0.6714 -4.9834 13086 8.08567 6.521277 80.65228

15.085 0.0003 -5.0408 0 0.004526 0 0

1499 0.1941 -4.9948 0.5019 2.909559 2.50689 86.16048
15.071 0.2711 -4.9928 0.7 4.085748 3.49496 85.54027
15.055 0.3527 -4.99 0.9002 5.309899 4.491998 84.59668

15.037 0.4621 -4.9862 1.1545 6.948598 5.756568 82.84503
15.019 0.5736 -4.9828 1.4005 8.614898 6.978411 81.00399

18.09 0.0002 -5.0408 0 0.003618 0 0
18.011 0.1624 -4.9959 0.5017 2.924986 2.506443 85.69076
18 0.2282 -4.9943 0.7018 4.1076 3.505 85.32963
18.029  0.2948 -4.9913 0.9 5.314949 4.49217 84.51953
18.017 0.3664 -4.9884 1.1042 6.601429 5.508191 83.43938
18.005  0.4385 -4985 1.3002 7.895193 6.481497 82.09422
17993 0.5077 -4.9803 1.4784 09.135046 7.362876 80.60031

24.039 0.0002 -5.0413 0 0.004808 0 0

24.017 0.126 -4.9914 0.5098 3.026142 2.544616 84.08778
24.01 0.1736 -4.9909 0.7019 4.168136 3.503113 84.04507
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24.001
24.06
24.05

24.039

36.037
36.059
36.055

36.05
36.044
36.038
36.026

48.114
48.069
48.066
48.062
48.058
48.055
48.045

55.097
55.027
55.023

55.02
55.016
55.012
55.002

0.224
0.2759
0.3323
0.4068

0.0001
0.0862
0.1198
0.1551
0.1897
0.2282
0.3006

0.067
0.0936
0.1205
0.1483
0.1843

0.244

0.0605
0.0841
0.1077

0.133
0.1581
0.2212

-4.989
-4.9862
-4.9834
-4.9797

-5.0421
-4.9887
-4.988
-4.986
-4.9841
-4.9807
-4.976

-5.0428
-4.9882
-4.9868
-4.9842
-4.9805
-4.9771
-4.9736

-5.0444
-4.9877
-4.9852
-4.9826
-4.9799
-4.9769
-4.9729

0.9002
1.1002
1.3084
1.5705

0.5038
0.7019
0.9061
1.1003
1.3084
1.6806

0.5018

0.704
0.9041
1.1024
1.3523
1.7407

0.5057

0.706
0.9022
1.1063
1.3023
1.7607

5.376224
6.638154
7.991815
9.779065

0.003604
3.108286
4.319389
5.591355
6.837547
8.223872
10.82942

0
3.220623
4.498978
5.791471
7.127001
8.856537
11.72298

0
3.329134
4.627434
5.925654
7.317128
8.697397
12.16644

Appendix: Maximum Output Current Data
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Vin

4.0054
4.4996
5.0007
5.5018
6.0014
6.5002
6.9947

7.508
8.0039

lin

Vout lout
1.2571 -4.9864
1.1738 -4.9864
1.1331 -4.9874
1.0646 -4.9858

1.0288 -4.9866

0.9835 -4.9867
0.9494 -4.9823
0.9059 -4.9858
-4.986

0.87

4.491098
5.485817
6.520281
7.820619

0
2.513307
3.501077
4.517815
5.484005
6.516748
8.362666

0
2.503079
3.510707
4.506215
5.490503
6.730532
8.657546

0
2.52228
3.519551
4.495302
5.509263
6.481417
8.755785

0.725
0.7807
0.8497
0.8928

0.95
0.9917
1.0385
1.0701
1.1005

TIDA-00808 Test Report

83.53628

82.6407
81.58698
79.97307

0
80.8583
81.05492
80.8
80.20428
79.24185
77.22176

0
77.72033
78.03344
77.80778
77.03805
75.99508
73.85106

0
75.76386
76.05837

75.8617
75.2927
74.52134
71.96668
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8.4958
8.994
9.5008
10.0049
10.502
11.0019
11.496
11.995
12.499
13.003
13.507
14.001
14.504
15.007
15.499
16.002
16.504
17.006
17.499
18.001
18.503
19.004
19.506
20.008
20.5
21.005
21.504
22.004
22.518
23.022
23.51
24.036
24.504
25.019
26.033
27.016
28.05
29.047
30.025
32.012
34.016
36.011
38.02

0.8336
0.8095
0.7802
0.7617
0.7448
0.7169
0.6975
0.6782
0.6591
0.6407
0.623
0.6101
0.5939
0.5804
0.5679
0.5537
0.5414
0.5308
0.52
0.5095
0.4992
0.4896
0.4802
0.4686
0.4607
0.4509
0.4465
0.4383
0.4306
0.4244
0.4182
0.4105
0.4051
0.3984
0.3877
0.3785
0.3658
0.3559
0.3451
0.3306
0.3165
0.3028
0.2904

-4.9856
-4.9858
-4.9857

-4.985

-4.981

-4.982
-4.9815
-4.9847
-4.9849
-4.9848
-4.9843
-4.9837
-4.9838
-4.9838
-4.9839
-4.9837
-4.9832
-4.9836
-4.9825
-4.9824

-4.983
-4.9829
-4.9826
-4.9871
-4.9845
-4.9843
-4.9814
-4.9818
-4.9813
-4.9809
-4.9804
-4.9797
-4.9793
-4.9798
-4.9798
-4.9797
-4.9795
-4.9792
-4.9784
-4.9789
-4.9782
-4.9777
-4.9784

1.1253
1.1601
1.185
1.22
1.2525
1.2685
1.2904
1.3099
1.3279
1.3439
1.36
1.3789
1.3912
1.407
1.4214
1.4309
1.443
1.457
1.4682
1.479
1.4885
1.4984
1.5073
1.5213
1.5257
1.5308
1.5426
1.5465
1.5527
1.5626
1.5707
1.5747
1.5826
1.5866
1.6026
1.6185
1.6207
1.6287
1.6286
1.6527
1.6708
1.6807
1.6988
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40.052
42.023
44.017
46.031
48.033
50.043
52.023
54.008
56.008
58.006
60.018

0.2799
0.2704
0.2612
0.2541
0.2461
0.2391
0.2327
0.2266
0.2201
0.2157
0.2109

-4.9774
-4.9765
-4.9765
-4.9761
-4.9748
-4.9753
-4.9748

-4.975
-4.9749

-4.975
-4.9756

1.7087
1.7168
1.7227
1.7368
1.7409

1.749

1.755
1.7609
1.7609

1.771
1.7751
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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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated



