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1 Introduction

This user’s guide describes the characteristics, operation, and use of the TPS7H1101SP evaluation module
(EVM). This EVM demonstrates the Texas Instruments TPS7H1101-SP and the TPS7H1101A-SP ultra-low
dropout (LDO) regulator.

It is a radiation-hardened LDO linear regulator that uses a PMOS pass element configuration. It operates over a
wide range of input voltage, from 1.5 V to 7 V while offering excellent PSRR. The TPS7H1101A-SP features a
precise and programmable foldback current limit implementation with a very-wide adjustment range. To support
the complex power requirements of FPGAs, DSPs, or microcontrollers, the TPS7H1101A-SP provides enable on
and off functionality, programmable soft start, current sharing capability, and a Power Good open-drain output.
This user’s guide includes setup instructions, a schematic diagram, a bill of materials (BOM), and PCB layout
drawings for the EVM.

1.1 Related Documentation
1. TPS7H1101A (SLVSDW6) Data Sheet
2 Description

The TPS7H1101SPEVM helps designers evaluate the operation and performance of the TPS7H1101A-SP ultra
LDO regulator.

Table 2-1. Summary of Performance
Test Conditions Output Current Range

Vn=15Vto7V Max 3 A

The evaluation module is designed to provide access to the features of the TPS7H1101A-SP. Some
modifications can be made to this module to test performance with various input and output voltages and loads.
Please reference TI E2E™ support forums for information and questions related to this EVM.
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3 Test Setup

3.1 Equipment
3.1.1 Power Supplies

Power Supply #1 (PS#1): a power supply capable of supplying 7-V at 5-A or higher is required.
3.1.2 Load Number 1

Electronic load, that is, Chroma 63640-80-80 module along with 63600-2 DC electronic load Mainframe or
Decade Resistor Box.

3.1.3 Meters

Four (4) Fluke 75, (equivalent or better) or two (2) equivalent voltage meters and two (2) equivalent current
meters.

The current meters must be able to measure 5 A current. Note: Shunt along with DVM can be used to monitor
output current.

3.1.4 Oscilloscope
An Tektronix Oscilloscope, for example, DPO 7104CCurrent Probe Tektronix TCP202 or equivalent.

3.2 Bench Test Setup Conditions
3.2.1 Headers Description and Jumper Placement

Source

i
Vin(+): 182 vin 2
Vin(GND): 384 5

1
Vout(+) 3&4 2
Vout{GND) 182 Vot ;

o0

Load

Figure 3-1. Headers Description and Jumper Placement
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3.2.2 Testing
Table 3-1. Power Connectors
No. Function
J19 VN input voltage connector (see Section 3.2.2 for V\ range)
J24 V)N input voltage connector to ground
Ja27 Vouyt output voltage connector
J28 Vouyt output connector to ground
J7 Vin_SMA
J22 EN_SMA
J20 SS_Probe
J5 LDO_OUT_Probe
TP8 LDO Vout measure point (+)
TP9 LDO Vout measure point (GND)
J6 LDO_OUT_SMA
TP7 LDO Vin measure point (+)
TP12 LDO Vin measure point (GND)
TP10 PCL
J21 CS_SMA
TP13 PG (Power Good)
TP11 SS
JMP10 V)| alternative connection: 1,2 (+) and 3,4 (GND)
JMP8 Vour alternative connection 3,4 (+) and 1,2 (GND)

3.3 Power-Up Procedure

The following test proceedure and results are based on testing of the default configuration of the EVM. The EVM
by default is configured to output 1.8 V.
Table 3-2. Test Results

Voutmin Voutmax Current Limit Current Foldback
Vour=18V 1.76 V 1.836 V <3.8A <19A OUTPUT SET POINT
lout=3A 1.8166 V 35A CURRENT LIMIT

3.3.1 lgyt and Voyt Measurements

Make sure all power supplies in workstation are OFF.

Locate connectors J19 and J24.

Connect Vin(+) to J19 and V(GND) to J24. Setitto 2.3 V.

Locate measure points TP7 and TP12.

Connect voltmeter: V|y(+) to TP7 and V(GND) to TP12.

Locate connectors J27 and J28 and connect load here (be aware of polarities).

Locate measure points TP8 and TP9.

Connect voltmeter: Voyt(+) to TP8 and V(GND) to TP9.

Output voltage should be per Table 2-1. This is done by setting R27 = 19.8 kQ and R28 = 10 kQ.

©oNOOaR~WON =

VouT can be determined by equation highlighted below or per equation 1 in the data sheet.

_ (R27 + Rza) ° VREI-'
VOUT B sz (1)

Where Vrgr = 0.605 V.
3.3.2 Output Current Limiting

A resistor value R30 connected from PCL pin to GND determines the output current limit set point based on
Equation 2.
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Maximum programmable current limit is 3800 mA.

CSR(Vyer )

R oy =Roy=—o-u-o- 17
pel = T80 7 (1, — .0403) )

Where Vrer = 0.605 V, I = programmable current limit (A), CSR = Current sense ratio (typical value = 52000).
CSR between I pin and Igyt can be measured as shown in Figure 3-2.
See Figure 3-3 for device lload vs PCL pin current ranges.

» Make sure all power supplies in workstation are OFF.

* Connect Vn(+) to J19 & V(GND) to J24 and setitto 2.3 V.

* SetVpytto 1.8V. (R27 = 19.8 kQ and R28 = 10 kQ)

» Connect load as previously instructed, set it to zero load.

* Increase ljo5q (steps of 0.100 A are suggested) until V|54 starts to drop.
*  Current limit trip point < 3.8 A.

45
4.0
3.5
<30
5]
£25
3
~ 20
>
o
515
o
10 V=23V
0.5 Vour =18V
y =47394x + 0.0403
0.0
0 10 20 30 40 50 60 70 80 90 100
PCL Pin Current (pA)
Figure 3-2. loyt (A) Vs lpcL (UA)
ILoap Vs lpcL across CSR range
6
— Min CSR: I oap = 45000 * lpc +0.0403
25¢ Nom CSR: I oap = 52000 * Ipc +0.0403
5 m—125¢ Max CSR: I oap = 56000 * Ipc +0.0403
e -55¢ Max CSR: I oap = 65000 * Ipci +0.0403
4
<
2 3
S

0
0x10%  10x10® 20x10® 30x10® 40x10® 50x10® 60x10® 70x10® 80x10°®
IecL (A)

Figure 3-3. loyt (A) vs IpcL (A) across CSR range

3.3.3 High-Side Current Sense

Monitoring the voltage at the CS pin will indicate voltage proportional to the output current. Figure 3-4 shows
typical curve Vg vs loyT for Vin = 2.28 V and R23 = 3.65 kQ. A resistor connected from current sense (CS) pin
to V|y indicates voltage proportional to the output current.
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2.35

V=23V
2.30 Vour=1.8V
y = 0.078x + 2.2853

\
N
)
[

2.20

N
-
[,

CS Pin Voltage (V)

N
o
o

2.05

2.00

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Load Current (A)

Figure 3-4. Vcs (V) vs lout (A)

Monitoring current in CS pin (Ics vs loyT) indicates the current sense ratio between the main PMOSFET and the
current sense MOSFET as shown in Figure 3-5. This plot shows that the CSR ratio is independent of Vg
voltage. Note that Vs must be above 0.3V to insure proper biasing, and also must be greater than 0.9 x Vggr
(0.544 V) to have foldback current limit enabled.

35

= lgs (UA) vs lLoap at VCS = 0.3V
Ics (UA) vs I oap at VCS = 2.3V
3| Ics (UA) vs lLoap at VCS = 5V

25

ILoap (A)
n

o

0.5

0 10 20 30 40 50 60 70 80
Ics (UA)

Figure 3-5. loyt (A) vs Ics (A)

3.3.4 Current Foldback

1. When current sense (CS) pin is held high, foldback current limit is enabled. Shorting CS low will disable the
foldback current limit.

2. With foldback current limit enabled, when current limit trip point is activated,
a. Output voltage will drop low.
b. output current will fold back to approx. 50% of the current limit trip point.

This results in minimizing the power loss under fault conditions.
3.3.5 Power Good

Power good pin is an open-drain connection, connect it high via pull up resistor to external voltage source.
Power Good pin indicates the status of the output voltage.

3.3.6 Dropout Voltage

Drop out voltage (Vpp) is the difference between the input voltage and output voltage needed to maintain
regulation. Vpg vs loyT is highlighted in Figure 3-6.
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350
300 125 T \/4
;250 >
E 25C
;:nzoo \/ —_
?: 150 -55 T —
§100 ////
© //
—
01
0 0.5 1 15 2 25 3
lour (A)
Figure 3-6. Vpg vs lout
3.3.7 Transient Response
Waveforms below indicate the transient response behavior of the LDO for 50% step load change.
Channel 1: Output voltage overshoot / undershoot
Channel 2: Step load in current
Channel 3: Input voltage
Min=2.3Y, Yo=1.8Y, ¥ ips7H1101 . Transiemt | Sepload O.1Ato 184 LLELS

Position

91
yz -2
&y

Minic1)

Mlin (G4 ) -19.6mY

18.0rmY
Ch1  500mY M 200ps 128MSs 8.0nsit
Ch3 104 Q2 Ch4 20.0mY % Bw A Ch3 o~ 780mé
Figure 3-7. Load Transient Response: Step Load 0.1 A to 1.6 mA
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Min-z3v,¥o=18Y, ~ ©  TPs7H1101 | Transent’ ' Giepload G.1ATo 184 - e

Curs1 Pos

Curs2 Pos

MRS 219y

AMiniC4) -3 BmY

IManic4y* 18.8my

Ch1 SO0mY M 10.0ps 2.5GSks 400psipot
Ch3 1.04 o2 Ch4 20.0mY " Bw A Cha w 780rné

Figure 3-8. Expanded View Overshoot

Win=z.3v, Yoo18v, . ©  TPS7H1101 . Trangent : step load 014 to 164 ] Mallid
Curs1 Pos

Curs2 Pos

IMIn(C1) Z01Y

ARin{C4 ] -21.2rmY

qAMan(C4)* 2.8mY

Ch1 S00mY M 10.0ps 2 5GS5 400psdat
A Ch

Ch3 1.084 2 Ch4 200mY 1% Bw

Figure 3-9. Expanded View Undershoot
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3.3.8 Current Sharing
For demanding load requirements, multiple LDOs can be paralleled.

* In parallel mode CS pin of LDO#1 must be connected to PCL pin of LDO#2 via a series resistor
(3.75 kQ) and CS pin of LDO#2 must be connected to PCL pin of LDO#1 via series resistor (3.75 kQ).

* In parallel configuration R30 (resistor from PCL to GND) and R23 (resistor from CS pin to V|y) must be left
open (unpopulated).

Test Setup

65.00

60.00 \

55.00

——LDO1
——LDO2

50.00 -

45.00 I

40.00

% of total Load

35.00 T T T T T
0 1 2 3 4 5 6
Output Current

Figure 3-10. Current Sharing LDO_1 and LDO_2

3.3.9 Soft-Start

Connecting a capacitor on CS pin to GND (C35) slows down the output voltage ramp rate. The soft-start
capacitor will charge up to 1.2 V.

C35 N AVRF,]‘: (3)

Where:

tss = Soft-start time
lss = 2.5 pA

VRer = 0.605 V

3.3.10 Enable and Disable

EVM can be disabled via pulling the enable pin low via shorting JMP7-1 (Enable) to JMP7-2 (GND). Enable pin
is tied high to Vg via R24 ( 20 kQ) resistor, thus keeping the EVM enabled.

Alternately, EVM can also be disabled via pulling SS pin (U6 pin 1) low via an external circuit comprising of
2N7002 MOSFET as shown in Figure 3-11. A high signal at the gate of Q100 will discharge the SS pin and

disable the device.
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SS (U6-1)

Q100
2N7002ET1G

2 [§] 3

R100
10k

GND

Figure 3-11. Disabling the LDO via Soft-Start Pin
3.3.11 Turn-Off

Win=23Y,Yo=18Y, - TPSTH1101
Yin

| .

7+ me————————

Enable
T

~n

Ch1 2.0v
Ch3 2.04 Ch4 1.0v By

Ch2 5.0v By M 200ps 125MS/ks 8.0nst

A ChZ » 28Y

Figure 3-12. Turn-Off
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Board Layout

4 Board Layout

4.1 EVM Layout Flexibility

The EVM is layed out to provide flexibility for the customer evaluation thus providing test points and or cold nose

probes to monitor various critical nodes of the design as highlighted in the schematic.

Additionally, placeholder is provided thus one can add esr in series with the output capacitor (R47 in series with

C39) thus making it easier to evaluate performance with increased capacitor esr.

O N _
1) TExas
INSTRUMENTS
TPS7H1101SPEUM REU C
o ‘Eﬁ. S3 HREL007C
N J20 1 _5_ _
LBO_UIN o ) ( .0 .) N eesees
X o o2 - 1 0]R5!
(. .’) LDO_VIN AGND S N oo mu
o
oo 2 2888
1 LDO_VIN 10 o0 ml W
S §8\|5 -,
" Wl omOM D
oy [, O (T
° — — W =0
* — — .y
° . = -
° %‘ — — |_| e SO
(L) — — =
S R24 o == PG
ce o Us = @TP13
JHMP8 TP P 81 3 _ 10105 ooy = @®
[ [ } [-} [-} |_| [ MR46 |_| R48
° o (w m n OT gy o
® | 2C387C33 7 C3% CB6 R30 Heeoeee
h 3 Lpo_ouT P lm 5
u R26 - =
@\R28n6ND_S cs(P@®)sz =
Loo_ouTtl| & LDO_0UT ® 0
— '_ A
J5
%2 Lo,
®_OLD0 0UT_S
LDO_RSNS+ LDO_OUT AGND
\O
Bfg (e e
5 N @
LDO_RSNS- & &
. . ‘
l [

8
._I

Figure 4-1. Component Placement (Top Side)
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Figure 4-2. Component Placement (Bottom Side)
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4500. 00m11
Figure 4-3. PCB Layout (Top Layer)
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4S00.00n1Y

t J t ! 4500, 00md ]
Figure 4-4. Board Layout - Second Layer (Mid Layer 1)
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+ 500, Onl

" e S8 B L] - -
SEE SOOE FoOn FEES (LT 1]

*eeaee R RN

4500, 00 1

Figure 4-5. Board Layout - Third Layer (Mid Layer 2)
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Figure 4-6. Board Layout - Fourth Layer (Bottom Layer)
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5 Schematic and Bill of Materials
The following pages contain the TPS7H1101HTEVM schematic and bill of materials.

Vin =2.3V
Vinrange= 15V10 7V
Voutn be adjisd schthat Vin > Vout+ Vdo -
o m REV-B
v
™7
a7 —® wn
VIN_SMA
P13 DO_OUT
1 LDO_VIN ¥PGOOD
Vout = 1.8V
R22
1?17 meio 20K lout =3A (Max)
VIN_CONN Ra4 L R23 61 us
1 20K 365K ==10nF LDO_TOP C32 : LDQ_ouT
2 | esinots 6 [\ = 1o TestHitors et
3 STHTI01 5 5 TPS7HTI0115 PSTH
N 4 J21 STHT10T T 10111 PS7THY, LDO_OUT @ P8 GND
actio Cs_smA STHTIOT T otz PprH DO OUTS L
STHTIOT T 10113 PRTHI  ReS)
124 1 STHTIOT T foria PRTHI 0
AGND_BJ T foiie R25 Log ous
BSTHIT00 50 6 527 0u
s de e s LDO_ouT_sma v TR
~C1 c2 C3 —~c4 = I S O 1
7 TS T 5 T 5o T e 0 o =Lcas =hcer = css Zom Trcw Focs moss 2o (———0
afo | onL | DNL | ONC PeL ss OWF | 3AF | 3%F | 4NF | SJF | 2200F | SaF | SaF [
R27 DNL | DNL | DNL mPe
105K LDO_OUT_ONN
J20 1
S5_PROBE| 2
R30 5
825K 4
JMP16 R28 ” 428
RSNS_ONN 10K R26 AGND_BJ
Ra7 604
—=c3s —=css 20m ONL
20000F 1000pF DNL
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[ ° [P
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Figure 5-1. TPS7TH1101SPEVM Schematic
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Table 5-1. TPS7H1101SPEVM Bill of Materials
ITEM NO. QTY DESIGNATOR VALUE FOOTPRINT MANUFACTURER PART NO. DESCRIPTION

1 1 C4 220uF 7260-38 Kemet T543X227M016ATE035 CAP TANT 220UF 16V 20% 2917

2 2 C32,C61 10nF 0805 Kemet C0805C103K3RACTU CAP CER 10000PF 25V 10% X7R 0805

3 1 C35 2000pF 0805 Kemet C0805C202J3GACTU CAP CER 2000PF 25V 5% NP0 0805

4 1 C38 220uF 7260-38 Kemet T543X227M016ATE035 CAP TANT 220UF 16V 20% 2917

5 2 C56,C57 3.3uF 2225 MURATA GRM55DR71H335KA01L CAP CER 3.3UF 50V 10% X7R 2220

6 1 C58 1000pF 0805 Kemet C0805C102J3GACTU CAP CER 1000PF 25V 5% NP0 0805

7 2 C59,C60 0.1uF 0805 Kemet C0805C104K3RACTU CAP CER 0.1UF 25V 10% X7R 0805

8 1 J5 Tektronix 131-5031-00 _(r):_)'mpact Probe Tip Circuit Board Test Points,

9 1 J6 Emerson 142-0701-231 Connector, TH, SMA, 50 ohms

10 1 J7 Emerson 142-0701-231 Connector, TH, SMA, 50 ohms

1" 1 J19 DEM Manufacturing 571-0500 Standard Banana Jack, insulated, 10A, red

12 1 J27 DEM Manufacturing 571-0500 Standard Banana Jack, insulated, 10A, red

13 1 120 Tektronix 131-5031-00 _(I_)ﬁmpact Probe Tip Circuit Board Test Points,

14 1 J21 Emerson 142-0701-231 Connector, TH, SMA, 50 ohms

15 1 J22 Emerson 142-0701-231 Connector, TH, SMA, 50 ohms

16 2 J24,J28 DEM Manufacturing 571-0100 Standard Banana Jack, insulated, 10A, black

17 1 JMP7 HDR_1X2_TSW Samtec TSW-102-07-G-S CONN HEADER 2POS .100 SGL GOLD"

18 1 JMP8 HDR_1X4_39544 Molex 39544-3004 CONN TERMINAL BLOCK 4POS 5.08MM

19 1 JMP10 HDR_1X4_39544 Molex 39544-3004 CONN TERMINAL BLOCK 4POS 5.08MM

20 1 JMP16 HDR_1X2_TSW Samtec TSW-102-07-G-S CONN HEADER 2POS .100 SGL GOLD"

21 1 R22 20kQ 1206 Stackpole RNCP1206FTD20K0 RES 20K OHM 1/2W 1% 1206 SMD

22 1 R23 3.65kQ 1206 Panasonic ERJ-8ENF3651V RES 3.65k, 1/4W, 1%, 100ppm/C 1206

23 1 R24 20kQ 0805 Stackpole RNCP0805FTD20K0 RES 20K OHM 1/4W 1% 0805 SMD

24 2 R25,R32 50Q 0603 Panasonic ERJ-3EKF49R9V RES 49.9 OHM 1/10W 1% 0603 SMD

25 1 R27 19.8kQ 1206 Stackpole RNCF1206BTE19K8 RES 19.8K OHM 1/8W 0.1% 1206

26 1 R28 10kQ 1206 Stackpole RNCS1206BKE10K0 RES 1/8W 10K OHM 0.1% 1206

27 1 R30 49.9kQ 0805 Stackpole RMCF0805FT49K9 RES 49.9K OHM 1/8W 1% 0805 SMD

R45,R46,R48,R49,R5
28 11 0,R51,R52,R53,R54, 0Q 0603 Panasonic ERJ-3GEYORO0OV RES 0.0 OHM 1/10W 0603 SMD
R55,R56

29 1 TP7 Keystone 5000 Test Point, TH, Miniature, Red

30 1 TP8 Keystone 5000 Test Point, TH, Miniature, Red

31 2 TP9,TP12 Keystone 5001 Test Point, TH, Miniature, Black

32 1 TP10 Keystone 5000 Test Point, TH, Miniature, Red

33 1 TP11 Keystone 5000 Test Point, TH, Miniature, Red

34 1 TP13 Keystone 5000 Test Point, TH, Miniature, Red

35 1 U6 CFP (HKS) Texas Instruments TPS7H1201SHKS IC installed as lid down at the back of the board
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www.ti.com Schematic and Bill of Materials
Table 5-1. TPS7H1101SPEVM Bill of Materials (continued)
ITEM NO. QTY DESIGNATOR VALUE FOOTPRINT MANUFACTURER PART NO. DESCRIPTION
36 4 Keystone 2029K-ND Standoffs
37 Pencom 4-40X1/4PH-PN-MS-SS Screws for standoffs
38 1 HRELO08 Any HRELO08 PCB
Label on the EVM under Tl logo =
39 1 Brady THT-13-457-10 TPS7H1201HTEVM
HRELO008-001
40 0 C1,C2,C3 10uF 7260-38_1 Vishay T95R106K050LSAL CAP TANT 10UF 50V 10% 2824
41 0 C33 47uF 7260-38 Kemet T491X476MO35AT CAP TANT 47UF 35V 20% 2917
42 0 C34 33uF 7260-38 Kemet T491X336K035AT CAP TANT 33UF 35V 10% 2917
43 0 C39,C65 3.3uF 2225 MURATA GRM55DR71H335KA01L CAP CER 3.3UF 50V 10% X7R 2220
44 0 J1,J2 HDR_1X8_100MIL HDR_1X8_BCS SAMTEC BCS-108-F-S-TE SKT 8 POS 2.54mm Solder ST Thru-Hole
45 0 R29 DNL 1206 TBD TBD TBD
46 0 R26 60.4Q 2010 Rohm MCR50JZHF60R4 RES 60.4 OHM 1/2W 1% 2010 SMD
47 0 R47 20mQ RES_Y14870R02000BOR | VISHAY Y14870R02000BOR Current sensing chip resistor, 20m OHM, 0.1%
48 0 us CFP (HKR) Texas Instruments TPS7H1101SHKR IC installed as lid up at the top of the board
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Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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* Updated to restructure document 1ayout CONSISIENCY.........cooiiiiiiiiiiiiii e 2
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