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System Description

This design guide describes a power supply for continuous wave (CW) mode. These typically need £2.5 to
+12 V under software control. Budget a current delivery up to 3 A at outputs of DC-DC converters. In
addition, the power supplies must have a very low level of ripple and noise at the output voltage.

Basic Ultrasound System

In an ultrasound system, the transmitter that generates high-voltage signals to excite a transducer is one
of the most critical components in the entire ultrasonic diagnostic system. There are semiconductor
devices available that can generate high-voltage signals to ensure the penetration depth of ultrasonic
signals. A generic system-level block diagram for a cart-based ultrasound scanner is shown in & 1.

i 1. System-Level Block Diagram for Cart-Based Ultrasound Scanners

The high-voltage pulses (to be transmitted inside human body to get information about blood, organs,
tissues, and so on) are bipolar in nature and are transmitted by transmitters (TXs). There are two modes
in general:

1. Pulse (also known as brightness, or B) mode where high-voltage pulses (-100 V and 100 V, typically)
are transmitted for a particular short time only.

2. CW mode where low-voltage (2.5 to £10 V, typically) pulses are continuously transmitted.
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System Description

1.2 Key System Specifications

%% 1 shows the key system specifications.

% 1. Key System Specifications

PARAMETER SPECIFICATIONS
Input voltage (V) 24 V £10%
Vauck Positive output voltage range 25to12V
Load current capacity positive buck 3A
Vguck Negative output voltage range -25t0-12V
Load current capacity negative buck 3A
LDO (V\\—Vo) drop across the LDO 1V (adjustable through pre-set)
External clock synchronization Yes
External sync frequency 400 kHz
LDO output current capacity 2 x 1 A positive
LDO output current capacity 2 x 1 A negative
Scalability Yes
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2 System Overview
2.1 Block Diagram
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K 2. System Block Diagram

Positive Regulator Block

This reference design uses the LM73605 DC-DC converter as a synchronous buck regulator. The output
is varied by changing the feedback factor of the regulator in response to a DC control voltage the output
can vary from 2.5 to 12 V and the device can deliver load currents up to 5 A. To eliminate the ripple on the
buck, the TPS7A4701 low-noise LDO is used as a power filter. The voltage drop (Vin-Vo) across the LDO
is kept at 1 V. This drop is above the dropout of the regulator and thus the LDO can have low power
dissipation as well as good PSRR performance. This drop across the LDO is maintained for all output
voltage settings of the buck. This is done by an op amp feedforward circuit that monitors the DC voltage at
the input of the LDO and adjusts the feedback pin of the LDO to keep a fixed Vin-Vo across the regulator.

Negative Regulator Block

This reference design uses the LMR14050 DC-DC converter setup as an inverting regulator. The output is
varied by changing the feedback factor of the regulator in response to a DC control voltage. The output
can vary from —2.5 to —12 V and the device can deliver load currents up to 3 A. To eliminate the ripple on
the buck, the TPS7A3301 low-noise LDO is used as a power filter. The voltage drop (Vin-Vo) across the
LDO is kept at 1 V. This drop is above the dropout of the regulator and thus the LDO can have low power
dissipation as well as good PSRR performance. This drop across the LDO is maintained for all output
voltage settings of the buck. This is done by an op amp feedforward circuit that monitors the DC voltage at
the input of the LDO and adjusts the feedback pin of the LDO to keep a fixed Vin-Vo across the regulator.
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The system is modular. More DC-DC converter sections that are identical to the ones demonstrated can
be added to increase output current capacity. All sections are driven with the same DC control waveform
as well as the sync waveform.

Presets in the board can adjust the dropout to values other than 1 V by the designer.
2.2 Highlighted Products

221 LM73605

The LM73605 device is a synchronous step-down DC-DC converter capable of driving 5 A from a supply
voltage from 3.5- to 36-V DC. It has high efficiency and a high-output accuracy in a small solution size.
Peak current mode control is employed. The device has an adjustable frequency and also allows
frequency synchronization.

2.2.2 LMR14050

The LMR14050 device is an integrated 40-V, 5-A step-down regulator with an integrated switching FET.
The device has an ultra-low quiescent current of 1 pA in sleep mode. It has an adjustable switching
frequency range and internal loop compensation .It also has cycle-by-cycle current limit, thermal sensing,
and shutdown.

2.2.3 TPS7A4701
The TPS7A4701 device is a positive voltage (36 V), ultra-low-noise (4 UVgys) low-dropout linear regulator
(LDO) capable of sourcing a 1-A load.

2.2.4 TPS7A3301
The TPS7A3301 device is a negative voltage (—36 V), ultra-low-noise (16-uVgys, 72-dB PSRR) linear
regulator capable of sourcing a maximum load of 1 A.

2.2.5 TLV2171

The 36-V TLV2171 device provides a low-power option for cost-conscious industrial and personal
electronics systems requiring an electromagnetic interference (EMI)-hardened, low-noise, single-supply
operational amplifier (op amp) that operates on supplies ranging from 2.7 V (£1.35 V) to 36 V (18 V).
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2.3 System Design Theory

This section explains the design theory and equations for each of the devices used in this reference
design.
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23.1

Positive Switching Regulators

The LM73605 (U1) is a synchronous buck regulator that can drive 5 A of current. The output voltage is
typically set up by R7 and R4. The feedback pin is normally regulated to 1 V. A DC control voltage
between 0 and 3.3 V applied to Pin 1 of J1 is used to modify the output of the buck regulator from 2.5 to
15 V. This voltage is applied to U2B. This is an op amp buffer and its output is connected to a low-pass
filter comprising of R8 and C17. The low-pass filter ensures that a pure DC voltage is applied to the

feedback pin. Assume that the control voltage on Pin 1 of Jl is 0 V. The output of op amp U2B is also 0 V.
Vo = __R4 =1V
(R7 + R4) @

1V (1M +68k)

=15.7-V maximum output voltage
© 68 k P 9

Assume now that 3-V DC is applied on Pin 1 of J1. The output of the op amp is now 1-V DC. Applying the
superposition theorem on the feedback pin:
Vo xR4 1V xR7
+ =
(R7 +R4) (R7+ R4) @)

Vox68k  AVx1M _
(1M+68k) (1M +68k)

Therefore, for a DAC control range of 0 3 V, the output voltage varies from 1 to 15.7 V.
VO:15.7—15><VCON (3)

This is an approximate equation describing the behavior given the resistors placed R58 on pin 9 of Ul
sets the operating frequency of the DC-DC converter.
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4 shows that a frequency of 400k is set for a 93k resistor. Transistor Q1 is set up as a buffer and is
used to couple the sync signal to the sync pin. With no sync input, the sync pin is ground with a 10k
resistor.

2500

2000 &

1500 X

1000 \\\
N~

500 —

Switching Frequency (kHz)

—

0
10 30 50 70 90 110 120
Rt Resistance (kQ)

4. R; Resistance versus Frequency

U4 (LMR14050) is a 5-A non-synchronous buck regulator. This regulator is set up as an inverting
regulator. As shown in [¥| 5, to set up a buck regulator in inverting mode, the bottom of S2 is connected as
a negative output. The output end of the inductor L is grounded. The circuit now looks like a traditional
negative regulator.

vee
s1
L Buck Regulator
Vce /
f Vo
s2 c
D J
c sy Circuit Flipped
L T w
VCC
D
Vce /
S1 Inverting Buck
L as used in Vo
circuit s1 Traditional diode form
of inverting buck
c
D
c L
-Vo
K 5. Basic Functionality of Negative Switching Regulators
Note that the maximum voltage that the device sees is as calculated using 2~ 4:
Vstress = (Vin + Vomax) @)

For V,y =24 v and Vo, = =15V, the device sees 39 V, which is very close to the absolute maximum rating
of the device. Therefore, a maximum of -12 V can be kept at the output.
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A
Y
A
Y

TON TOFF

1S2

K 6. Theoretical Waveforms for Negative Buck

Regarding & 6, assume TON is the time S1 conducts and TOFF is the time S2 conducts.
VxTON=|VO|xTOFF )

V xD

(1-D)

Note that I, = Average of 1S2.
Imax x TOFF

° T ®)
lo = huax x (1-D)

Therefore, if Vo =-15V, D = 0.36, I, maximum = 3 A for a 5-A buck switcher. Resistors R27 and R56 are
used to set the output voltage. The LMR14050 has a feedback voltage of 0.75 V.

Vo=

_VoxR56 _ 0.75 V

(R27 + R56) @
_ Vo x22k  _ 0.75

(22K + 442 K)

Vg =-15V

To adjust the negative output, apply a DC control voltage between 0 and 3 V to Pin 2 of J1.
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The collector of Q5 adds a voltage to the feedback pin of the LMR14050. When this voltage from the
feedback pin to the device ground equals 0.75 V, the output of the negative converter drops to zero. The
0.75 V is obtained through the op amp current source. When the DC voltage applied to pin 3, U2Ais 0 V.
The current in Q5 = 3.3/R16 or 3.3/3K3 =1 mA. R66 x 1 mA = 1 V. This is more than the 0.75 V needed
to bring the output voltage to zero.

140

120 \

100
80 \
60

" AN

RT (kQ)

I~

20

—

0 500 1000 1500 2000 2500
Frequency (kHz)

K 7. R; versus Frequency

% 2. Typical Frequency Setting R; Resistance

fow (kHZz) Ry (k)
200 127.0
350 71.5
500 49.9
750 324
1000 23.7
1500 15.8
2000 115
2200 10.5

This is an approximate equation describing the behavior given the resistors placed R25 is used to set the
oscillator frequency at 400k.

Transistor Q4 is used to couple the sync signals to the R; pin. When there is no sync signal, the transistor
is cut off. The Enable pin is driven by transistor Q6. This transistor acts as a level shifter as the Enable pin
is referenced to —V,. Resistors R22 and R23 act as a voltage divider and at a minimum supply voltage
turn the PNP transistor on

N xR22 _ 55y,
(R22 +R23) @)
0.65x103.6 k
Vyy = —————— =18V
MIN 3.6k
10 7;;;%%5 CW kA 25 I 12 75 [8] 5 [ B +2.5 3 12V Jiili L Ji A H ZHCU346-September 2017
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2.3.2 Linear Regulators
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8. Linear Regulators Schematic

The LDO section filters out the ripple content in the switching regulators and leaves a very ripple-free and
low-noise output to feed the CW power. It relies on the fact that a linear regulator is an active filter and
can reduce the ripple seen at its input due to its excellent PSRR performance. For this to work well, the
LDO must be in the active region well beyond the dropout; however, operating a regulator in the active
region results in power dissipation [l x (V\y — Vo)]. Therefore, to prevent dissipation, it is best to run the
regulator just outside its minimum dropout. Because the input voltage of the regulator varies as it is set by
software, the hardware circuitry on the board continuously monitors the input voltage, removes the ripple,
and adjusts the feedback voltage so that the output voltage is always 1 V lower than input whatever input
is present.
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9 shows a positive LDO with a control voltage applied to R2.
Vin Vo
—— TPS7A4701
R1
R2
Vcon
Copyright © 2017, Texas Instruments Incorporated
K 9. Positive LDO Controlled Using Vo
Case 1: When V oy = 0V, let the maximum output voltage be 15V (Ve = 1.4 V).
Vowax xR2 _y 4,
(R1 + R2) ©)
1.4x110k
V, =—=15V
OMAX 10K
Case 2: With Vo, applied with R1 = 100K, R2 = 10K:
Vo xR2  Vcon xR1
+
(R1 + R2) (R1 + R2)
Yo , Veonx10_y 4y
11 11
Assume V= V,, — 1 and apply in A3 11:
(16.4 - Viy)
V, = —<
CON 10

/»3 11 can be implemented in a differential amplifier: one input is a DC voltage of 16.4 V, the other being
the regulator input voltage. The differential amp is set up with a gain of 1/10. In the schematic, U7A is the
differential amplifier. R36, R38, R41, and R42 set up a differential gain of 1/10. R39 and C48 form a low-
pass filter that removes any ripple on this line and leaves a DC equal to the average value of voltage at
the input. U7B is a buffer and the output of this drives the feedback pin. This system is a feedforward
system and must not face any stability issues.

For example: If V\y, = 10 V, then the differential amplifier output Voy = (16.4 — 10)/10 = 0.64 V. Now:

* V,+0.64x10=154

e Vo=154-64=9V

e Vo-Vy=1V

12
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10 assumes a negative LDO with a control voltage applied to R2.

Vin Vo

TPS7A3301 L4
% R1
% R

Vcon
Copyright © 2017, Texas Instruments Incorporated

K 10. Negative LDO Controlled Using Vo

Case 1: When Vg = 0, let the maximum output voltage be —15 V, Vg = -1.13 V.

Vomax X R2
(R1+R2)

~1.13 x 1.3M
VOMAX = 100k

-1.13V

Case 2: With Vo applied and with R1 = 1200k, R2 = 110k:
Vo xR2 x R1
Rirr2) RirRz) - RV
Vo x 110k N Veon X 1.2M
(1.2M +110k)  (1.2M +110k)
Vo + Veon X10.9=-13.45V (12)

=-1.13V

Assume Vg =V, + 1 and apply in A= 13:
Viy +1+ Voo x10.9 = —13.45

Voo = (-14.45 - V)
CON = 109 13)
ZHCU346—September 2017 FHFHEFS I CW kit J A A3 BN I 75 [ 52 I B +2.5 % +12V Jiyil] B/ 3A 13
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3\ 13 can be implemented in a differential amplifier: one input is a DC voltage of 15.7 V, the other being
the regulator input voltage. U9A is a differential amplifier with a gain of —1. This converts the negative
input voltage to a positive output level. U9B is a differential amplifier with a gain 1/10.9 that compares the
positive output voltage seen on U9A with a fixed DC voltage of —14.45 V. For example: If the V of the
regulator is —10 V, pin 1 of USA would be 10 V as U9A is an inverting amplifier with a gain of 1. The
output of U9B that is a differential amplifier with an attenuation of 1/12 would be as follows:

s From A 13:
-(14.45-(-10))
10.9

e From 3 12:
Vo + Veon X10.9 =-13.45V
Vg —0.475x10.9=-1345V
Vo=-9V

= -0.408 V

VCON =

This is V,y + 1. The drop across the LDO is 1 V. Therefore, the drop across the differential amplifier needs
to be —0.4 V. The differential amplifier implements

(10-14.45)
- _o04v
10.9
Vo =14.69 - 0.475x12=-9V (14)

R47 and C53 form a low-pass filter that removes any ripple present on the input of the LDO. ORing diodes
D5, D6, D7, and D8 are used to connect the output with the high-voltage supply. The diodes would block
the high voltages from reaching the regulators. The control loop is common to all the LDOs, and it is
possible to place many LDOs on the same control loop to share the currents.

14

7;;;%@5 CW kA 25 I 12 75 [8] 5 [ B +2.5 3 12V Jiili L Ji A H ZHCU346-September 2017
IR 511
TIDUD98 — http://www-s.ti.com/sc/techlit/TIDUD98
JixAL © 2017, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD98.pdf

13 TEXAS
INSTRUMENTS

www.ti.com.cn Hardware, Testing Requirements, and Test Results

3 Hardware, Testing Requirements, and Test Results
3.1 Required Hardware

% 3. Connectors, Fuses, and Test Points on Board

REFERENCE DESCRIPTION PINOUT
. 24-V
J4 24-V input GNDA
Vcon POsitive
Vcon Negative
J1 Veon + Sync Sync
PGND_A
Out_1
J2 Positive regulator output Reg_P
Out_2
out_1B
J3 Negative regulator output Reg_M
Out_2B
J5 +Vo SMA +Vo
37 -V SMA —Vo
J6 SMA regulator positive output —
J8 SMA regulator positive output —

3.1.1 TIDA-01458 Board Images

K] 11 and K] 12 show the top and bottom views of TIDA-01358 PCB, respectively.

11. Top View 12. Bottom View
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3.2 Testing and Results

To test the board, use the following equipment:

e 24-V DC input supply rated at 5 A

» 5-V variable DC source to provide a control signal to adjust the output voltages

* 15-Q power resistors as well as an electronic load is also needed

» 5-V pulses frequency source capable of generating frequencies from 300 to 500 kHz
» Oscilloscope (100 MHz)

» Spectrum analyzer

* Thermal camera

3.2.1 Test 1: Output Voltages as a Function of Control Voltage-Negative Power Supply

A load of 0.8 A is put on the output of the LDO, and the output voltage is observed as a function of DC
control voltage.

16
—— Vdc_dc
14 | — Vido >
—— Vfinal
12 P
ER bod
3 v/
% 8
8
S ’
4
2
0

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
DC Control

13. Output Voltage as Function of DC Control-Negative

3.2.2 Test 2: Voltage Drop Across Negative LDO as a Function of Control Voltage

A load of 0.8 A is put on the output of the LDO, and the voltage drop across the LDO is observed for
varying DC-DC converter outputs.

E: Adjust R20 to 14 V.
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1.4
1.2 ,9/‘
2 . Nl
- .
1 /.’/
§ 0.8 7 2
g o/
5 06 /
g /
£ 04
o
>
0.2
0.0
0 2 4 6 8 10 12 14 16
Output Voltage of DC DC Converter
14. Voltage Drop Across Negative LDO
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3.2.3 Test 3: Output Voltages as a Function of Control Voltage-Positive Power Supply

A load of 0.8 A is put on the output of the LDO, and the output voltage is observed as a function of DC
control voltage.

16

—— Vdc_dc
14 .\ — Vo
—— Vdiode
V\\

. R
IR
8 \Q\

0.0 0.5 1.0 1.5 2.0 25
VconTrOL

Voltage Output

15. Output Voltage as Function of DC Control-Positive

3.24 Test 4: Voltage Drop Across Positive LDO as a Function of Control Voltage

A load of 0.8 A is put on the output of the LDO, and the voltage drop across the LDO is observed for
varying DC-DC converter outputs.

#: Adust R17 to 15.47 V.

1.2

1.0 '.)

0.8 e

0.6

0.4

Voltage Drop Across LDO

0.2

0.0

0 2 4 6 8 10 12 14 16
Output Voltage of DC DC Converter

A 16. Voltage Drop Across Positive LDO
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3.25

3.2.6

Test 5: Load Regulation Positive DC-DC

The load regulation is given in & 17 and 3% 4 for different load currents and output voltages.

14
12
10
© — 12V
g’ — 5V
5 8 — 3.3V
>
2 6
>
o]
4
2
0
0.0 0.5 1.0 15 2.0 25 3.0 35

Load Current

17. Load Regulation Positive DC-DC

% 4. Load Regulation Positive DC-DC Data

CURRENT 12V 5V 33V
0 12.05 5.00 3.50
1 11.94 4.85 3.30
2 12.01 4.85 3.29
3 12.05 4.86 3.28

Test 6: Load Regulation Negative DC-DC Converter

The load regulation is given in & 18 and 3% 5 for different load currents and output voltages.

14
12
10 — 12V
% — 5V
£ s — 33V
>
2 6
=}
e}
4
2
0
0.0 0.5 1.0 15 2.0 25 3.0 35

Current

18. Load Regulation Negative DC-DC

% 5. Load Regulation Negative DC-DC Data

CURRENT 12V 5V 33V
11.49 5.05 3.56
11.64 4.95 3.45
11.49 4.86 3.36

ZHCU346—September 2017
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% 5. Load Regulation Negative DC-DC Data (continued)
5V 33V
4,76 3.29

CURRENT 12V
3 11.40

3.2.7 Test 7: Voltage Ripple of Positive Power Supply
Load current of 0.8 A from the LDO, 12-V output on the LDO

Avg(3 ):No signal
Freq(” }No signal
Avg(' ). 6.62ZmV

BW Limit Fine Invert Probe
AC =| _ | ~

K 19. Voltage Ripple at Positive DC-DC Output
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TEPkPR( D eemy |
l Avg(3 ):No signal
Freq(” }No signal

Avg(' ) -4.44mV
BW Limit Fine Invert Probe
AC _ | | ~

20. Voltage Ripple at Positive LDO Output

3.2.8 Test 8: Voltage Ripple of Negative Power Supply

This test shows the output ripple on the DC-DC converter output as well as LDO output with a load of
0.8 A on the LDO output.

+> Source 2) Select: Measure Settings Clear Meas Statistics
1 Freq Freq ~ ~ ~

i 21. Voltage Ripple at Negative DC-DC Input
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Freg{” }:No signal
Avg(' ) -4.44mV

Channel 1 Menu

AC _|

K 22. Voltage Ripple at Negative LDO Output

3.2.9 Test 9: Synchronization Test Positive DC-DC

This test applies an external sync waveform of 3.3-V amplitude to the sync input of the DC-DC converter.
The test also observes the switching node of the buck and the sync waveform.

Output voltage for this test is at 12 V with a 2-A load drawn direct on the DC-DC converter.

K 23. Sync and Output Switching Waveform of Positive DC-DC at 440 kHz
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K 24. Sync and Output Switching Waveform of Positive DC-DC at 500 kHz
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3.2.10 Test 10: Synchronization Test Negative DC-DC

This test applies an external sync waveform of 3.3-V amplitude to the sync input of the DC-DC converter.
The test also observes the switching node of the buck and the sync waveform.

Output voltage for this test is at —12 V with a 2-A load drawn direct on the DC-DC converter.

26. Sync and Output Switching Waveform of Negative DC-DC at 500 kHz
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3.2.11 Test 11: Spectrum Analyzer

The following waveforms are plots on a spectrum analyzer. This test measures the level of the switching
waveform on the output of the DC-DC converters as well as the LDOs. These plots are for both positive
and negative sections. A load of 1 A is applied on the LDO output and the LDO is maintained at a dropout
of 1 V for both positive and negative circuits.

I 1 | N
O[5
Input RF npul Z 50 0 2048 Best Wide Type: Vollage 234506
D off Off off : Free Run Y W W
Align: Auto Freq Ref: Int (S) Gain: Low bl
NFE: Adaplive Track: Off NMNNNNN
1 Spectrum v Mkr1 412.8 kHz
Scale/Div 15 dB Ref Level 707.1 mV 15.18 mV
Log . . . v -
(¥
m
L 1 - A 1 | 1
Start 1 kHz Video BW 1.0 kHz Stop 2.0000

s BW 1.0 kHz

#Sweep 1.00 s (1001 pts)

L sl I dEst Rl S
& 27. Spectral Plot of Negative DC-DC Output

Spectrum Analyzer 1 | Uiaor Manu S
Swept SA d + a | s
Input: RF nput Z- 50 0 2048 Best Wide Type: Viollage 234
D off Off off : Free Run Y W W
Align: Auto Freq Ref: Int (S) Gain: Low T
NFE: Adaptive Track: Off NNNNNN
1 Spectrum v Mkr1 412.8 kHz
Scale/Div 15 dB Ref Level 707.1 mV 4516 pV
Log | . . . v . . . .

L 1 1 A
Start 1 kHz Video BW 1.0 kHz
s BW 1.0 kHz #Sweep 1.00 s (1001 pts)

@[ () [?] ¥ R YIS
K 28. Spectral Plot of Negative LDO Output

Stop 2.0000

PSRR = 20 x log(V,, LDO/N oy LDO)
PSRR = 20 x log(15.8 mv/45.16 uV) = 50.8 dB
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Spectrum Analyzer 1

Soept 5 1+ ¢| Amplitude v -

Input. RF nput Z 50 01 2048 mo:auwm Macun-m ] '||

Dc Off : Off LW W Y Scale
Aign: Auto Freq Ref Int (S) Fﬁull.nu W TOT.A my
- NMNNNNN
NFE: Adaptive Track: Off

1 Spectrum v Mkr1 442.0 kHz|}1s e
Scale/Div 15 dB Ref Level 707.1 mV 8.300 mV Signal Path
Log .

Start 0.1000 MHz
s BW 1.0 kHz

2

1 A
Video BW 1.0 kHz

Stop 2.0000 MH
#Sweep 1.00 s (1001 pts)

facm

Jul 11, 2017
10:13:41 PM

i 29. Spectral Plot of Positive DC-DC Output

Spectrum Analyzer 1 8+
Swept SA

Log

Ref Level 7.071 mV
T v

¢| Merker v o'%
Input. RF wuzso0 e LonPousE 112  « - . [Sellct Marker
oe MOI' W W Muher1 "I
Align: Auto FMMNISJ "'3""“ NN NN g 4
Marker Frequency | sagings
P— 5 Mkr1 442.0 kHz|} 442 000 kHz
Scale/Div 15 dB

Start 0.1000 MHz
s BW 1.0 kHz

€0~ m?

1 A
Video BW 1.0 kHz

Jul 11, 2017
9:57:34 PM

K 30. Spectral Plot of Positive LDO Output

PSRR = 20 x log(V,y LDO/Vq,; LDO)
PSRR = 20 x log(8.3 mv/442 uV) = 44.04 dB
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3.2.12 Test 12: Ramp of Control Voltage and Output Voltage LDO-Positive

A signal generator is used to give a ramp waveform on the DC control voltage input. The variation in the
output voltage on the LDO was seen. A load resistance of 10 Q was placed on the LDO output.

31. Ramp Waveform on Control Voltage-Positive DC-DC

A signal generator is used to give a square waveform on the DC control voltage input. The variation in the
output voltage on the LDO is seen. A load resistance of 10 Q is placed on the LDO output.

[ M 100ms

32. Square Waveform on Control Voltage-Positive DC-DC
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3.2.13 Test 13: Ramp of Control Voltage and Output Voltage LDO-Negative

A signal generator is used to give a ramp waveform on the DC control voltage input. The variation in the
output voltage on the LDO is seen. A load resistance of 10 Q is placed on the LDO output.

K 33. Ramp Waveform on Control Voltage-Negative LDO

A signal generator is used to give a ramp waveform on the DC control voltage input. The variation in the
output voltage on the LDO is seen. A load resistance of 10 Q is placed on the LDO output.

[ M 100ms

K 34. Square Waveform on Control Voltage-Negative LDO
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3.2.14 Test 14: Load Switching of 1-A Load at LDO Output

A 10-Q load is switched on and off at the LDO output periodically. The output voltage is 9 V.

K 35. Load Switching-Positive LDO

A 10-Q load is switched on and off at the LDO output periodically. The output voltage was —9 V.

Mode
Normal

A 36. Load Switching-Negative LDO-A K 37. Load Switching-Negative LDO-B
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3.2.15 Test 15: Temperature Test

This test applies 12 V and 0.8 A on each of the two positive LDOs and —12 V and 0.8 A on each of the
two negative LDOs.

This test also applies a 0.5-V drop on the positive LDO and a 0.5-V drop across the negative LDO.

r73.3

| 38. Temperature Test

30 %zngfg CW k& A 2 B G 76 [ 3 o £2.5 2 12V il & 3A H ZHCU346-September 2017
WSHT
TIDUD98 — http://www-s.ti.com/sc/techlit/TIDUD98
Jiz# © 2017, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD98.pdf

I3 TEXAS
INSTRUMENTS
www.ti.com.cn Design Files
4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01458.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01458.
4.3 PCB Layout Recommendations
4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-01458.
4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01458.
45 Gerber Files
To download the Gerber files, see the design files at TIDA-01458.
4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01458.
5 Related Documentation
This reference design did not use any related documentation.
51 [Hfr
All trademarks are the property of their respective owners.
6 About the Author
SANJAY DIXIT is a system architect in the Industrial Systems-Medical Healthcare and Fitness Sector at
Texas Instruments, where he is responsible for specifying reference designs.
ZHCU346—September 2017 FHFHEFS I CW kit J A A3 BN I 75 [ 52 I B +2.5 % +12V Jiyil] B/ 3A 31

WSH st
TIDUD98 — http://www-s.ti.com/sc/techlit/TIDUD98
JixAL © 2017, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUD98.pdf
http://www.ti.com/tool/TIDA-01458
http://www.ti.com/tool/TIDA-01458
http://www.ti.com/tool/TIDA-01458
http://www.ti.com/tool/TIDA-01458
http://www.ti.com/tool/TIDA-01458
http://www.ti.com/tool/TIDA-01458

BX TIRIHMEEMARNEERA

BMNNER (T) NRRMANBAR, MAREMRITEN, REIELE  IREFTRTEMEEREXRNSEZ UM (ERTIRR ) , 8%
HEBRUTARTFABET TI =i NA ; NRE (A, SWRRKRRLE , WHRQE ) MEAARXTHR, HRKER TEMEEN
TIER  RTEAFEERNZEER , RREBANSERETEA,

TIFRAE TV BB, IR AFUEAREX TI N T FRINATFEANRRERARRRFH | RS T AEEATEAH LSHFTE,
TI BT E T BF#HATHE, 858, SuMEMER.

FEBRFEE , ERUTNANNATERIRIH DN, NN Al , BNSNARARR NANT2HE , UREH NA (SFNAPER
MATE TR ) ) MFAFEERANEEEIAREMEXER, FREN SAFH , CEZHITNZHTIREERFIEN —U4EL LA
R, R () IARENERER (2 KUKEBRARR , Uk Q) BRETHESHERNKENRARIELEK, BRE , TEARI LS
BT FRNEA LA, SFNENREZE NA MZENAMA T =R 8. BREE T BIRO AT X ABFIHAN R |, T Rt
TREMEMNR,

FBRAREAFREEZEF T RRMS T FEN AR, FHERNEA, SHREREMEREM TIHR, EHFRMEEFZIERSRNREM
EEEFEEMATIARSROEMHARATRRRTHER , BREFE T AE=ZSNEABRASHR=NHEFA , ZE-NSFEFRTE
AEFN, BN, BRERNIEERATFRBRSNEFMRES. JSE6E REEXNEMIRSN. SRASETE=FRIARFNE
%?‘Wﬁiﬁﬁﬁﬁtéﬁ?ﬁﬁﬁﬁ%ﬂ@i*ﬂﬁﬁ’%ﬁ*ﬁ%ﬂ’ﬂ%iﬁﬁii}\ﬁlo £/ T RRTREERAE=FRENZEE=H TR EAMR~ R
R o

TI BRRBREFRE, T ZRBRN TI HRRECEAELIEEAABIRIANRIERGFR , SFETRT I EBERTEE, FRRIE,
TEAMERIE , UREHME, ESBERBRNTRIEEME =75 MR~ RAEMIRIAMRIE,

TI AAREAHRR , BRETRTRASFRAAREZEXNER , B FABEFIREE | IEZEFRASENT TI BRI H 5,
NE T RFERECEASRREEZEXNEIMEERN, EEN. SR, MHH. BEN, B5E0N. 8RN, NERERERERE , 18
T EERBAUHELTE ERBERE , TI TR RR.

ZREE T RERAKRLFBREZRETETEABHAZRMNEZ4 M ENEMARE. A, RAR/HRE.

TBHEAT T BR. SEHMKFEATRERBNMH, TI =RABSHEAMEN., XEXREBEETFRTERT TI WESE™R
(http:/Awww.ti.com/sc/docs/stdterms.htm), F{EERFBER (http://www.ti.com/sc/docs/sampterms.htm) BIFRE SRR

MR 25 kit s LTI A< X {H 42 K08 1568 5 b K 32 #%, FEGifY: 200122
Copyright © 2017 &ML FHEAR (Rl HRRAF


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	用于超声波 CW 脉冲发生器的低噪声固定压降 ±2.5 至 ±12V 输出电压 3A 电源参考设计
	1 System Description
	1.1 Basic Ultrasound System
	1.2 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Highlighted Products
	2.2.1 LM73605
	2.2.2 LMR14050
	2.2.3 TPS7A4701
	2.2.4 TPS7A3301
	2.2.5 TLV2171

	2.3 System Design Theory
	2.3.1 Positive Switching Regulators
	2.3.2 Linear Regulators


	3 Hardware, Testing Requirements, and Test Results
	3.1 Required Hardware
	3.1.1 TIDA-01458 Board Images

	3.2 Testing and Results
	3.2.1 Test 1: Output Voltages as a Function of Control Voltage-Negative Power Supply
	3.2.2 Test 2: Voltage Drop Across Negative LDO as a Function of Control Voltage
	3.2.3 Test 3: Output Voltages as a Function of Control Voltage-Positive Power Supply
	3.2.4 Test 4: Voltage Drop Across Positive LDO as a Function of Control Voltage
	3.2.5 Test 5: Load Regulation Positive DC-DC
	3.2.6 Test 6: Load Regulation Negative DC-DC Converter
	3.2.7 Test 7: Voltage Ripple of Positive Power Supply
	3.2.8 Test 8: Voltage Ripple of Negative Power Supply
	3.2.9 Test 9: Synchronization Test Positive DC-DC
	3.2.10 Test 10: Synchronization Test Negative DC-DC
	3.2.11 Test 11: Spectrum Analyzer
	3.2.12 Test 12: Ramp of Control Voltage and Output Voltage LDO-Positive
	3.2.13 Test 13: Ramp of Control Voltage and Output Voltage LDO-Negative
	3.2.14 Test 14: Load Switching of 1-A Load at LDO Output
	3.2.15 Test 15: Temperature Test


	4 Design Files
	4.1 Schematics
	4.2 Bill of Materials
	4.3 PCB Layout Recommendations
	4.3.1 Layout Prints

	4.4 Altium Project
	4.5 Gerber Files
	4.6 Assembly Drawings

	5 Related Documentation
	5.1 商标

	6 About the Author

	Important Notice



