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SLVU310-April 2009

High Performance Synchronous Buck EVM Using the
TPS53114

Description
This user’s guide contains background information for the TPS53114 as well as support document for the

TPS53114EVM evaluation module. Also including the performance specifications, schematic and the bill of

materials for the TPS53114EVM.

The TPS53114 is a single, adaptive on-time D-CAP2™ Mode synchronous buck controller. The part
enables system designers to cost effectively complete the suite of various end equipments power bus
regulators with a low external component count and low standby consumption. The main control loop for
the TPS53114 uses the D-CAP2™ Mode which provides a very fast transient response with no external
component. The TPS53114 also has a proprietary circuit that enables the device to adapt not only low

equivalent series resistance (ESR) output capacitors such as POSCAP/SP-CAP, but also ceramic

capacitors using the selectable CER pin. The part provides a convenient and efficient operation with
conversion voltages from 4.5 V to 24 V and output voltages from 0.76 V to 5.5 V.

TPS53114 evaluation module is a high efficiency, single synchronous buck converter providing 1.05 V at 4
A from 5-V to 22-V input. This user’s guide describes the TPS53114 EVM performance.

Electrical Performance

Table 1. Electrical Performance

SPECIFICATIONS TEST CONDITIONS MIN TYP MAX UNIT
Input voltage range (V|n) 5 12 22 \%
Output voltage 1.05 \%
Operating frequency \F/g‘ElezzL\//HIO“‘l =14 350/700 kHz
CH1 Output current range 0 4 A
Over current limit Vin=12V 5 A
Output ripple voltage ViN =12V, lgu = 4A 12.8/10 mVp-p

SLVU310-April 2009
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Figure 1. TPS53114 EVM Shematic Diagram

4 Test Setup and Results
This section describes how to properly connect, setup and use the TPS53114EVM. The section also
includes test results typical for the evaluation modules and efficiency, output load regulation, output line
regulation, load transient response, output voltage ripple, startup and switching frequency.

6 High Performance Synchronous Buck EVM Using the TPS53114 SLVU310-April 2009
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Test Setup and Results

4.1 Test Setup
Connect test equipment and TPS53114 EVM board as shown in Figure 2.

Oscilloscope
+
ch1 DMM1
~ -
OPEN SW3 Tpsvm o !7 Electronic [+
V5I§,I-LT CER VO1_GND® Load1 ’7 DMM3
P4 - =
V5FILT + ; VA
S SW2
o FSEL VIW 8 P2 b |
j’ TP \ ower supply
VIN_GND
V5FILT
© SW1
° A~ EN
,j, TPS53114EVM-001

e A o
FAN

Figure 2. Equipment Setup for TPS53114 EVM Board

4.2 Test Procedure

1.
2.

3.

Make sure the switch SW1 (EN) is in “OFF” position.

Make sure the switch SW2 (FSEL) is in “LOW” position for switching frequency 350 kHz or in “HIGH"
position for switching frequency 700 kHz.

Make sure the switch SW3 is in OPEN position for ceramic output capacitor use or in V5FILT position
for low equivalent series resistance (ESR) output capacitors such as POSCAP/PS-CAP.

Apply appropriate V,\ voltage to VIN and VIN_GND terminals.

Turn on SW1 (EN), CH-output will start up.

SLVU310-April 2009 High Performance Synchronous Buck EVM Using the TPS53114
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1.05-V EFFICIENCY (V) = 12V) 1.05-V EFFICIENCY (V,, = 12V)
Vs VS
OUTPUT CURRENT OUTPUT CURRENT
100 100
90 90
80 | 80 |
e 70 / . 70 /
L 60 ' 60
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g ] S 50
'..*(_:) 40 _f:_’ 40 /
L [ b} !
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Input-Output Current - A Input-Output Current - A
Figure 3. Efficiency Figure 4. Efficiency
(FSEL = GND, 350 kHz Selection) (FSEL = V5FILT,700 kHz Selection)
1.05-V OUTPUT VOLTAGE (V,, = 12 V)
Vs
OUTPUT CURRENT
1.100
1.090
< 1.080
% 1.070 IFQEL:GND
S 1.060 v
5 1.050 ——
=8
3 1.040
' 1.030 FSEL=V5FILT
> 1.020
1.010
1.000
00 05 10 15 20 25 3.0 35 4.0
loyr - Outout Current - A
Figure 5. Load Regulation (350 kHz Selection
at FSEL = GND, 700 kHz Selection at
FSEL = V5FILT)
8 High Performance Synchronous Buck EVM Using the TPS53114 SLVU310-April 2009
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4.3 LIne Regulation

1.05-V OUTPUT VOLTAGE (I, = 3 A)

VS
INPUT VOLTAGE

1.100

1.090

1.080
> FSEL=V5FILT

1.07 4
g 1.070 /
£ 1.060 [
> 1.050 /4-’5/
-*g_ . ”___’—7 '\
g 1040
T 1.030 FSEL=GND |
> 1.020

1.010

1.000

0 5 10 15 20 25

V, - Input Voltage - V
Figure 6. Line Regulation (350 kHZ Selection at FSEL = GND, 700 kHZ Selection at FSEL = V5FILT)

4.4 Load Transient Response

Tek Stopped Single Seq 1 hcgs 04 Mar 02 20:26:14 Tek  Stopped Single Seg 1 dcgs 04 Mar 02 21:55.01

Vout =1.05V (50 mV/div) Vout=1.05V (50mV/div)
S /Lmnnmm

FSEL= GND FSEL= V5FILT
(350 kHz Selection) (700 kHz Selection)
+ +
. lout1 (2A/div)
ool lout1 (2A/div) 4 =
chi S0.0mY By M1 100ps 5 0MSE 200nssn chi SO0y By M1 100ps 5.0MSsE 200Nzt
Ch3 2.04 2 Bw A Ch3 » 204 Ch3 204 £ By A Ch3 r 1964
Figure 7. Transient Response Figure 8. Transient Response
(FSEL = GND, 350 kHZ Selection) (FSEL = V5FILT, 700 kHZ Selection)

SLVU310-April 2009
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4.5 Output Voltage Ripple

Tk Stopped Single Seq 1 hois 04 Mar 02 21°06:48
T w1 la
vzl admi
W 12Em

Vo (10 mV/div)

Tek  Stopped Single Seq 1 Aots 04 Mar 02 2114 '63
T w1 Taamd
vzl Ezmy
&l 100my

Vo (10 mV/div)

Chi 10.0mY U B M 1.0ps S00MS/s 2Z.0nsht Ch1 0.0y % B M 1.0ps SO0MS 2.0ngt
A Chil o 1.0 & Ch1 o 10mY
Figure 9. Ripple Voltage Figure 10. Ripple Voltage
(FSEL = GND, 350 kHZ Selection) (FSEL = V5FILT, 700 kHZ Selection)
4.6 Startup Performance

Tek Run Sample 8 Acis 12 Mar 02 22:60:50
W ooy £l 12.0ps

WE 1.25% t2: 3.352ms

oY 1.2a% ot 3.34ms
) BYIAE S 3743 Ll zanads
EN(5 V/div) o

FRULIE T

SS (1.0V/div)

VO (0.5V/div)

Chi SO0k Ch2

Ch4

1.0
S

B

Ew
By

M2 Orng 125kSs
& Cha 24y

S.0psdat

Figure 11. 1.05-V Startup Waveforms
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4.7 Switching Frequency

SWITCHING FREQUENCY (f = 350 kHZ) SWITCHING FREQUENCY (FSEL = V5FILT)
VS Vs
INPUT VOLTAGE INPUT VOLTAGE
800 |
800
¥ -
T 600 Vo850V = 600 N
x V, =433V > \\\
) Vo= 1.8V & \ ~—
g g -
g L 400 =
£ 400 v = ~—
o t——— —— £
£ ©
Z 200 / / . 200
. Vo=1.05V V,=1.2V 3
=
0 ‘ 0 ‘
0 5 10 15 20 25 0 5 10 15 20 25
V,, - Input Voltage - V V,, - Input Voltage - V
Figure 12. Switching Frequency Figure 13. Switching Frequency
(FSEL = GND, 350 kHZ Selection) (FSEL = V5FILT, 700 kHZ Selection)

5 Selection of Each External Components

Figure 14. D-CAP™ Mode Block Diagram

5.1 Output Voltage Setup
Vo = VREF X (1+R1/R2) + VFBjppe / 2 X (1+R1/R2) )
Example:

In case of R1 = 3.6 kQ, R2 = 10 kQ, VFBippiey = 10 mV and FSEL = GND (350 kHz selection)
Vo =0.765 x (1 + 3.6 k/10 k) + 0.01/2 x (1 + 3.6 k/10 k) = 1.057 V

SLVU310-April 2009 High Performance Synchronous Buck EVM Using the TPS53114 11
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5.2 Softsart Time Setup
TSS = CSS X VREF / 2 IJA (2)
Example:

In case of Cgg = 4700 pF and FSEL = V5FILT (VREF = 0.758 V at 700 kHz selection)
Tgs = 4700 pF x 0.758 / 2 yA = 1.78 ms (Tgg = softstart time, Cgg = cap for softstart)

5.3 Over Current Limit Setup
looi = ltripy X Rytripy / Ras(on) (3)
Where:
* lpocL = Current limit setting value
*  Rip) = Resistor trip pin
*  Rgson) = Low side FET Rggon)

Example:
In case of Ryip) = 5.6 KQ, Rgson) = 10 mQ
log =10 A X 5.6 kQ/0.01 Q=56 A
Where:

* o = IIoad(dc) + Iout(ripple)/2

5.4 Coil Selection
Select coil to keep inductor ripple current 1/4~1/2 of load(max).
L = L/( indrippley X fsw) X (Vingmax) = Vout) X Vout ! Vinmax) 4

Example:

In case of ligippiey = inductor ripple current = 1 Ap-p, fsy = switching frequency = 350 kHz,
VIN(max) =15 V, VOUT =12V
L=12/(1 Ax350kHz) x (15V-1.2V)x1.2V/15V =3.15pyH =3.3 pH

5.5  Vogippiey Calculation for Use of Ceramic Output Capacitor
Vouope = (172 X (1/2 X Toye X 1/2 X g 1 (1/2 X Tye) X 1/2 X Teye / Cour

ripple))
= (1/4 X Iind(ripple) x 1/2 x chc) / COUT

= (1/8 X Iind(r\pple) X TCYC) / COUT (5)

[ Equation J neglects ESR and ESL.

Example:
In case of T¢ye = 1/ fgy = 1/350 kHz = 2.8 ps, linggipple) = 1 Ap-p, Cout = 22 PF X 2
Vo(ripple) = (1/8 X 1 Ap-p x 2.8 us) / 44 uF = 8 mVp-p

5.6 Overshoot in Load Transition

AVps = 12 X Aljggg X (LIVo) X Algaq / Cour (6)
Example:
In case of AVyg = overshoot voltage on Vg, Algag = load current =3 A, L = 1.5 pH, Coyt =22 uF X 3,
Vo=12V

AVos = 1/2x 3 A X (1.5 uH/ 1.2 V) x 3 A/ 66 pUF = 85 mV

12 High Performance Synchronous Buck EVM Using the TPS53114 SLVU310-April 2009
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5.7 Undershoot in Load Transition
AVUS = 1/2 X Almad X L/K X Alload / COUT

[ Equation 1 calculation by critical inductance theory which includes consideration of the influence of min off

time.
)
K= ((VIN - VO) - Tmin(off)/Ton X VOUT) X (Ton/(Ton+Tmin(off)) (8)
Example:
AV s : undershoot voltage on Vg, Al oap : Load current =3 A, L = 1.5 pH, Coytr =22 uF X 3,
Vo =12V, ViN=12V, Thinef = 285 ns (FSEL = GND, 350 kHz selection)
Ton = Vour/Vin X sy = 1.2 VI12 V x 1/ 350 kHz, K = ((12 V-1.2 V) - 0.285 ps/0.285 ps x 1.2 V X
(0.285 ps / (0.285 ps + 0.285 us)) = 10.2 V
AVys=1/2x3Ax15puH/(10.2V)x3 A/ 66 uF =10 mV
6 EVM Assembly Drawing and PCB Layout
L1
A
I I E
|||| T ‘i‘ E
EI“’ csfHHllC: o1 &
o l”-l s
O ||ww @TP1
0 ||owe TPSS311APWP EVM reve @
| EL-17228
Figure 15. Top Assembly
SLVU310-April 2009 High Performance Synchronous Buck EVM Using the TPS53114 13
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D

Figure 16. Top Layer

0000 °

Figure 17. Inner Layer 1
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Figure 18. Inner Layer 2

Pe@@®

LI
LR L LR L

L
LA O

Figure 19. Bottom Layer

7 List of Materials
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Table 2. List of Materials

Reference I ) Part Number
Designator QTY Description Size Mfr
PCB 1 TPS53114PWP EVM rev 0.0
U1 1 |C, dual synchronous step-down | iroq0pg I TPS53114PWP
controller for low voltage power rails
L1 1 Inductor, 1.5 pH, 11.0 A, 9.7 mQ 6.5x 7.1 mm TDK SPM6530T-1R5M100
MOSFET, N-ch, 30 V, 9.3 A,
Q1 1 13.8 mQ SO8 FAIRCHILD FDS8878
Q2 1 MOSFET, N-ch, 30 V, 14 A, 8.6 mQ | SO8 FAIRCHILD FDS8690
Capacitor, NPCAP, 330 pF, 4.0 V, NIPPON
Cl 0 15 mQ, 20% (no mount) 6.6 X 7.2 mm CHEMI-CON APXE4ROARAS331M
C13 0 Capacitor, OS-CON (no mount) 0.260 sq inch Sanyo Any
C14, C15, Capacitor, ceramic, 22 pF, 6.3V,
C16, C17 0 20% , —55~85°C 1206 TDK C3216X5R0J226M
c2 1 fg&a‘:”or' ceramic, 0.1 UF, S0V, | 5503 TDK C1608X5R1H104K
Capacitor, ceramic, 10 pF, 25V,
C3, C9 2 10%, —55~125°C 1210 TDK C3225X7R1E106K
C4 0 Capacitor (Electrolytic) 8.3x 8.3 mm Panasonic EEVFKxxyyyF
cs 1 fg&a‘:”or' ceramic, 4.7 uF, 6.3V, | 603 TDK C1608X5R0J475K
C6 1 Capacitor, ceramic, 1 uF, 25V, 10% | 0603 Panasonic ECJ-1VB1E105K
c7 1| Sgpactor, ceramic, 4700 pF, SOV, | ggog TDK C1608X7R1H472K
Capacitor, ceramic, 22 pF, 25V,
C8 1 10%, —55~85°C 1210 Murata GRM32ER61E226KE15L
C10 1 Capacitor, ceramic (no mount) 0603 std std
Ci11 1 Capacitor, ceramic (no mount) 0603 std std
Ci12 1 Capacitor, ceramic (no mount) 0603 std std
R1 1 Resistor, Chip, 3.3 kQ, 1/10 W, 1% | 0603 ROHM MCRO3EZPFX3301
R2 1 Resistor, Chip, 10 kQ, 1/10 W, 1% | 0603 ROHM MCRO3EZPFX1002
R3 1 Resistor, Chip, 4.3 kQ, 1/10 W, 1% | 0603 ROHM MCRO3EZPFX4301
R4, R14 2 Resistor, Chip, 0 Q, 1/10 W, 5% 0603 ROHM MCRO03EZPJ000
R5, R6 2 Resistor, Chip, 1 kQ, 1/10 W, 1% 0603 ROHM MCRO3EZPFX1001
R7, R11, R12 3 Resistor, (no mount) 0603 Std Std
R8 1 Resistor, Chip, 330 Q, /10 W, 1% | 0603 ROHM MCRO3EZPFX3300
R13 1 Resistor, Chip, 100 kQ, 1/10 W, 1% | 0603 ROHM MCRO3EZPFX1003
Diode, Schottky, 1 A, 30 V
D1 0 (no mount) SMA Any Any
Swi1 1 ON-OFF-ON mini toggle switch Nikkai G-13AP
SwW2 ON-OFF-ON mini toggle switch Nikkai G-13AP
SW3 ON-OFF mini toggle switch Nikkai G-12AP
1,2 3 Terminal block, 2 pin, 15 A, 5.1 mm 0.40 x 0.35 inch Phoenix MKDSN1.5/2-5.08
Contact
TP1 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP2 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP3 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP4 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP5 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP6 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G
TP7 1 Test Point, yellow, thru hole 0.125x 0.125inch | MAC8 LC-2-G

16 High Performance Synchronous Buck EVM Using the TPS53114
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Table 2. List of Materials (continued)
Reference Ll . Part Number
Designator QTY Description Size Mfr
TP8 1 Test Poaint, yellow, thru hole 0.125 x 0.125 inch MACS8 LC-2-G
TP9 1 Test Poaint, yellow, thru hole 0.125 x 0.125 inch MACS8 LC-2-G

8 References

1. TPS53114 datasheet, Single Synchronous Step-Down Controller for Low Voltage Power Rails
Ervssen
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