%%Irﬁkl

Application Note

jB7/5] AMD Versal™ Al 124%Z 511 8 JE 1% 1

i3 TEXAS INSTRUMENTS

Hrag Kasparian, Dorian Brillet De Cande, Febin Abdul Hameed

W

AN T MHEAR 4 T SCRF VE2302 #3197 5 (B T HE R BN R BETE . IR AT STBRIE R Oy Al iL % 2 51 At
A LR BT BEE B

ke

A B B oottt ettt et e e e ee et e et te e ee e teeetee ettt e eeer—eretee e e e te et e et e e e et e et aeaae s 2
2 BT BB ettt ettt ettt ettt oo e et et e et et e et et et e et e et e en s 3
B B B ettt ettt et et e et e ettt e e et et et et et ee e e e e e ee e en e en e 4
B BT E B BRI ..ottt ettt ettt ettt ettt ettt et ettt ettt ettt et ettt ettt ettt ettt ettt 7
B B g ettt ettt ettt et e et ettt ettt et et et e et et et et e et e et e e e e e et e e e et e et neeeees 7
LRI AV 5y i L1711 - PSR T 7
T BV R T R B B T e oottt ettt ettt et et e et e et en e ren e 7
B T R T L P Bl B3 oottt ettt et ettt et et et et e et ettt et et en ettt ee e, 7
O R R P AL H R TR 200 B oottt ettt ettt ettt ettt r et n et en s 8
10 B MU T T B B T B Il ..ottt et ettt e et et e e e ettt e et et e e et et et et e e et ettt e et et en e et ee et et eeaeens 9
1 B B N T B R et ettt ettt ettt e et ettt e et et n e e e 9
12 12 B T R A B B AR T R oo ettt ettt ettt ettt 10
1 B oottt ettt ettt ettt ee et n et 10
T = ST 1
FibR

Versal™ is a trademark of Xilinx, Inc.

Fr A b % B A & I =

ZHCADSO - JANUARY 2024 T/ AMD Versal™ Al 1245 5119 1 057 i 11 1

eI R
English Document: SNVAA98
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADS0
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADS0&partnum=
https://www.ti.com/lit/pdf/SNVAA98

13 TEXAS
INSTRUMENTS
Gz www.ti.com.cn

155
RGN B A E ST LA I, BT LR BRI O 8V & 18V FLAUSIRALL) 5OW TR [ .

ZHYERN B LM74910 £ (IC) #H 1 LT R (FEP) FHE |, 1% IC 784 B 2 ML & Ennl i fe
H e P K.

FEP 2 55—/ LM25148 [# E#3 8% , AN BV i BRESY |, W2 Em s A |, FFAER R IGEH 5V B
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2 2-1. VE2302 3344 LR B .

HIREL AR HLFE B R WA LY ST 3 #
VCCINTN/CC_PMC/NCC_PSFP/
VCCPSLPN/CC_RAMNCC_SOC/ 0.8V +1% +17mV 39A 33% 2
VCC_10
VCCO 1.5V +1% 5% 3A 100% 1

VCCAUX/VCCAUX_PMC/

VCCAUX_SMON 1.5V +1% 10mVpp 1.1A 100% 3
GTAVCC 0.88Vv 2% 10mVpp 0.7A 70%
GTAVTT 1.2v +2% 10mVpp 1.3A 70%
GTAVCCAUX 1.5V +2% 10mVpp 0.05A 70%

Kl 2-1 J7n 1 VE2302 Z 4 re i i T HE I

12Vin Nom.
TLV76033
»| Always-ON Bias Supply —> 3.3V
(LDO)
Front-End 5vVv@ = 12A
LM25148 X2 of TPS6287B25 VCCINT
Disconnect |- > . — 0.8V @ 39A VCC_SOC
-PH; 2-PH; 1.5MHz/PH L
| M74910 (1-PH; 440kHz) ( )
TPS628303
> s VCCO
(1-PH; 2MHz) Tl (@) 3h
- TPS628302
Voltage Supervisor > VCCAUX
TPS389006 (1-PH; 2MHz) —* 1V @144
s TPS628301 1 88y @0.7A
(1-PH; 2MHz)
Sequencer
TPS38700
| TPs628302 190E 15
(1-PH; 2MHz) ’ )
.| TPS748
’| (LDO) 1.5V @ 0.05A
K 2-1. VE2302 33445/ ERIR D B FIFER 5 HE R
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12.5A OCP
v ™
“Hovin_vain ar @ Tavs
+1aviy Main TPHIR04PBLIQ Rt TPHiRz04PB LI
A o 0002 o
. . . . g B oo FEP Rons A =T NI it rove
7T 7
v v 11
= L, L. L L, L s
o o1 S TG T toone o v
| Go o oo o
2 R s rs re w7
oo UVLO Rising = ~ 8.0Vin e 1000 Hse  co 03 %03 3ous
o =~8. S3005F
UVLO Falling =~ 7.4Vin A Jpee o T
oV
L SSno R et 0k, e 7 o
oo X oo Toov ~5A of inrush current
OVLO Rising =~ 20.0Vin . cor ieres s I
OVLO Falling = ~ 18.4Vin e |Lte_re woare a0
our
"FEP" = "Front End Protection" step_ov [ {FEP_Rsns A
= Liz_rep Faun P
AT o O¢p_rau i
wvs  FEPSleep! on | 10_FEP ON . TP fave
Ja = — FEP_IMON K
System Enable [ o1% Gio E P T
. ’ SutemEnsble 6ol ey o VIMON = (0.9*VSNS*RIMON)/(RSET)
System Enble R1s e e LY ) Ri7 RLIM = (12*RSET)/(RSNS*ILIM)
Pull up the "System Enable" line HIGH, 100k e 100k
by shorting jumper J4, to enable the 200F The voltage on the "FEP_MON" testpoint reflects a
entire system = I scaled-down signal corresponding to the measured current
. @ @ ) L 1 1 1 across the current sense resistor, R1. With RSET = 49.90hm
L . = = P o (R4), RIMON = 10kohm (R17), and Rsns of 2mOhms (R1),

the voltage at the IMON pin will be about 0.36V/A.
10nF on TMR gives 100us blanking
TMR pin can be left floating to provide shortest blanking time.

B 3-1. LI ATHAY ) LM74910 JFHEE
3-2 J&7/r T TLV76033 RSt u bR K . A0 RTa T |, 162 P N s £ A EVM H P65 .

TP6
3p3Vs
U2
< R19
+12Vin_Main} 5 21N out I3p3vs
PMEG6010CEH, 115 _]_ J_ _L
60V c13 ap B C14 C15 R20
220nF 0.1uF 0.1uF 3750
D5 50V TLV76033DBZR 50V 50V
5V Avays} - = = =
PMEGB010CEH, 115 GND GND  GND GND o
60V \DS
X Green
NOTE: 3.3V Always ON Bias Supply LDO does not necessarily - 3p3Vs
need to be used for the system. Its purpose in this design is to
provide an on-board 3.3V bias, which is mainly used to enable 3.3V Bias 1

signals HIGH and as a bias supply for indicator LEDs. Supply Indicator &%

A 3-2. 5L 3.3V BB HEIRAT TLV76033 R E
3-3 JE/8 7 LM25148 K e o R HE . B A JRTREE |, S AR S50 R A EVM B P R .

‘-T Irms Cin Max, = 6.1A
 — e, cLar W Lon Lo Too T Tl Lo,
oo v 8\ v 8\ sov sov Alternative FETs Options:
N B a2 7monm b, @ 4.5t 1606 @5V
= = = = = = = = = BSCO0901NSIATMA1; 30Vds; 2.1mOhm typ. @ 4.5Vgs; 20nC @ 5Vgs

5Vout @ 12A Max.

TAUCaONOSELGzEATIAY

XAL1010-152MEB is an
HO_protogh— S altemnative inductor option

% T T 1g o Lo Ton Ten Ton
v J;iw J;is\ ;stv ;stv ;stv lwsv

220F 16V MLCC is 190F sach @ SVhias

™
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VODA praeg
Ifinternal FB divider resistors are desired to be used, instead of the extemal resistors, uninstall R35, R37, and Ra2,
and follow the following instructions: —

~Connect FB to VDDA via a 0 ohm resistor for Ra1, for 3.3Vout regulation using resistor dividers internal to the IC.

5V Pre-Regulator ~Connect FB lo VDDA via a 24,9k resstorfor Ré1, for 5Vout regulation using resistor dividers nternal o the IC.
Pgood Indicator

NOTE: There may be components in the design that may have higher voltage o
ratings, or other over-designed characteristics. This is due to a combination of

availability of components, price, and other such factors. If other appropriately

rated components are available and desired, then use those.
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3-4 Je7r | TPS6287B25 K FH KB o1 R LA

Fd o

Digital Core Rail

5
Jsns PH1

Fsw = 1.5MHz

1. Alternatives for Rsns:
PS0612FKLO70R001L.
PS0612FKF070R001L.

2. Current sense filter values selected using 1.15mm as length/width of Rsns
gap and estimate of 5nHicm for parasitic inductance of a length of wire
(amounting here to about 0.6nH).

3. Current sense resistors R46 and R59 are only needed for testing current
sharing during design evaluation. In a production run, R46 and R59 can be
R4 removed and directly connect the inductors to the output capacitors. Also,

AT RATJRARR , TS AR SR R A EVM H P 4R

VCC_SOC, VCC_io

0.8V/0.88V @ 39A
DC Spec. = £1%
AC Spec. = +17mV
Load Step = 33%
Seq. #2

core
0V70 (Digital); VCCINT, VCC_PMC, VCC_PSFP,
VCC_PSLP, VCC_CPMS5*, VCC_RAM, VCC_GT,

10

TPTS
Veore_Sense

s Core Voltage J10 is a shielded connector

124 RdS
Phase 1 J5,J12, R43, R44, R55, R56, C40, and C64 can be removed - Yy for measuring output voltage
N e
2 R46
" s 5 o001 Vers 16
u L l l o VN oW o 744302010 L l 1 1 L Jveore GosNs1
coz | can |cas | cas | cas | car is m 10saH ci | ca cs2 | oss -
e v W oy B oy OaruF A= 047uF Default Vcore = 0.8V <~
ST T TR o e IEE coxet
N vosns [L—VOSNS 5 {Veore sense 4 4
f Voore_ENF—2o{ €N
. e e B Gosns 2+ § =
o i noversric o
It
- L Lo Low Tow low low Tom Tow 1
vseT1
21 csa | oss | os | o5t css | cso | ceo | cer
VSET2 4| yoery EC IPgood_Veore C62 ==0.1uf 0.1uF 0.1uF 0.1uF 0.47uF 0.47uF 0.47uF 0.47uF
: S et s ot W T e T T e e T
SCL| 2o scL o
SDA - SDA
D =)
Inductor Alternatives
TSGR swil > st -
= 2
o AcKin2 jsns_ PH2 o4 ces css ce7
F WF
W v
Default ADDRESS for 0.8V startup Vout Device ("-H" variant) is 0x45 = =
o8
I
1T L
00228 =
6V =
RS Rs6
Fsw = 1.5MHz 124 124 Veore Veore
Phase 2
us
L8 RS9
\ s Lo ow o _g sw2 lons? 0001 Hveor s9 cro crt o2
’ 6 1 uin ow L& 744302010 T T TVeore 10pF 10uF 220F 220F
crs | e [es | o | o | om rea v s 1050t o | cao css | om W 4 o v
1] VI Wz e 047uF ==047uF — -
v T ov | ov v | v | v Taav Tsav va 1ov -
N vosns (L 4 i L
Veore_ ENF—2o{ EN oo 128 A4 1 &)
syNCi—LEs{ MoDE/sYNC = =
Re0
SN2 17 e our oo G
4756 comp [ —p—jcowp_core
vseTt N
B PG [ —fpgood Veore Swol e sz sw2b— jsns2 Ve
vseT2 e
2t st
SoA

K] 3-5 Ji7s | TPS62830x

TRSaRB

7.

swz;—><—usn,z

Inductor Alternatives

==100uF

2
&

B 3-4. LB FE AN TPS6287B25 JEH K

KA RBETCIF IR B, GXRARIER |, 165 AN K S s LA EVM J 7 16 .
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Multiple Peripheral Rails . Regiar T
U Reg VCCO_HDIO/XPIO
15 o 1.5V @ 3A
v Fsw = 2MHz OFE2016108-R24M=P2 e gg:g : ;;2
Regtin o ow |2 SWRet S~ Regtout Load Step = 100%
T Tow 1o . ; T 1oy Tewlom Soa#1
10pF 10pF. 0.1uF SR76 EN_Regl| & S 22uF: 22uF 10pF: 0.1uF
o MODE Regt 4 B Regt o v o0 ] 16V
PTPTE pmie o=y o EEA T ]
1 L L o |2 02k 1
Gp o G P22 TPERI0SADRIR = P23
Pg_Reg1 GND OGND
79 GNP FB_Vref=0.5V Reo =
100k 33vs 200k =
sus s
o L
— 2
22 GND NT10 Re1 o Reg2 Regulator 2
102 _ i VCCAUX, VCCAUX_PMC, VCCAUX_SMON
s Fsw = 2MHz Bre2016108 Rasti-p2 1V5 (Digital)
. . sw |-L—SW Reg2 o v Reg2out A
Tow Tom Tom o ‘ TonloN/ Tomlon =
T0uF Iw uF sz_ﬁz‘:; TWTW ) ) ) ‘ =
o v | tev s |4_FB Rex? s |
ﬁ |
B I o |2 02k 1
@b o G v =
o
N> FB Vref = 0.5V Res
s 00k
= 23
i = ey
_ Lz +
uio Fsw = 2MHz bre20ts10E-RoaM=P2 0v88 (Analog)
= 0.88V @ 0.7A
Resgn o I ' Restou LB@OT
Lo Lloe Lol oowr—de wp Lealoay Tealen SIS ACSpes < Tomvi
Tiv Tiv T s MODE Regs o FoRep Tm\“ Tm{" Tmt‘fw“ Load Step = 70%
I I MopE e R0 1 l l l i Seq. #4
2
4 = g vG o
@o o P27 TPSGROTADRIR =
Pg_Reg3 GND ,TP28
52 ONDFB Vref=05V  |pes N
sve 100k v 200 =
T A1 GND
o L
— s
ng2 - = U Rogs Regulator @
u11 Fsw =2MHz DFE201610E-R24M=P2 PMIC_Vout4
S Regt Regiout Tp20 GTAVTT, MGTYAVTT
? sw 0 e Ovour_Regé 1V2 (Analog)
cw | cw s . Lo [ o Lonr [ o e 12V @ 1.3A
==10pF 100F vos 22uF == 22uF 0pF==0.1uF DC S = 429
10v 1oV 4 FB Regt v | lov v | tev = pec. = 2%
® Roo | | | | =T A(L: Sgesc m /p
£ L GND -2 280k oad Step = 70%
= N
o8 N> FB Vref = 0.5V Roo
1006 33y 00k
oD a
G

B 3-5. LI M HMEBLE TPS62830x [F 2 A

127
NT13

R100
{ 1
Net-Tie

u12
J28
GND | RegSin 6 1 Reg5out P31
T i o Vout_Reg5
5702 c168
C143 001uF $R162 C144 =
2.2uF 4 50V 34.8K 2.24F GND
lov EN Regsh——=c1 EN T 16V TP32
e |2 Ocnp
enp [ = S
5] b o5 | R163 - GND GND
TPS74601PDRVR
R197 =

EVM H a5 .

s

10.0k XTW

o}
2
[S]

7 3-6. SLP GTAVCCAUX #L.i) TPS746 FHE
K 3-7 f7n T TPS389006 At TPS38700S KHI KT F IR B . AR AT KRR , 15 2 BeAR L 1 2 Kodf AN

Vout_Reg5

3-6 J7r 1 TPST746 R RB T MFELIE . A7 AT R R , TEZ BARN M B2 A EVM H 48/ .

Regulator 5
LDO_Vout
GTAVCCAUX or MGTYAVCCAUX
1V5 (Analog)
1.5V @ 0.05A
DC Spec. = 2%
AC Spec. = 10mVpp
Load Step = 70%
Seq. #5

I Voltage Supervisor . SRt
cus R
l T P w0 - T
= o 20
Vatp_8 Seq_EN—S— o N M) ”
s Vemem 1o [ ore ‘ I - fregs sense Lo Voltage Sequencer
oy = o = o i o
Vg oSLEEP 7 lone — _sense or 12-Channel;
2 u o sone = o Jeizs o A a0 Voo b s
2 noor o 2 T = foh oo H ey SRS fr T en
3 P s mmcus mcus o cist =mcis2 =mcis e S T i teas
ruzo S s - i Sk Touk Tonr Jone our [ one T e o Py TR )
o & [ T T E B _Rou 0 s T 5
= = = = = = = Tear viso ROt | v e
1 rosssons 1 o A 20 vasa ey ‘ R
— = ) aeorn | L e o et i
& A 3 a1 o msy o oo o N oot
e R w o - e o
e e 6 seq e i it reos
S Syne osteer) o
Device Address = 0x30 via R121 value) R s ol
ok
NOTE: el
“Device 12 address is programmed via the R84 value. ~The TPS38700S sequencer has open-drain ENx outputs, Each of the open-drain EN outputs can be pulled-up to
I . its own corresponding pullup voltage, not all have to be 3.3V pullups. This is only done for simplicity for this design. o0
~TPS389006 "Sync” and "nSLEEP" pins has intemal pullup. ) are general purpose outputs that can be set HIGH or LOW via 12C. —Ocrorent .
IRQ = Activefow open-rain teruot output “The pin names within the parantheses show the pin funclionalty for the 12-pin variant (TPS38700C), e oo
%%
See TPS389006 datasheet for device defails. See datasheet for detall. s
e
e
0%

s
SPoTzENTZ

B 3-7. 78 28 R A B AN PR 5 R AR 25 ) TPS389006 71 TPS38700S R E]
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4 FIHEEEM

T LR HEAT T PR B

5 B dm R

LM74910 i (4 (FEP) M+ 3 BT 26 s B 0 4 A3 . Ik FEP 338 (L) F Tyt -

SR AR

Al gL ARy (OCP) Wit ((#id R1. R16 fil R4 JuFRHAESZE )

AJ g R R WA AR (T R2 AT RO 4y JK 4% FHAE SZ 3 )

A g FE I T R AR (i R10 A R12 435 2% PHAE S8 )

AT Y FE g H L R R PR (8], BERSTE B shi R 23 i E N R A (il R8 A1 C10 Jo-E S )
Al YRR RIS SE IR S 8] (@I TMR 5] JHIFT GND 2 [8] i) H 28 R18 BRFEZF 4% C12 sl )

HL I (385E R1. R17 A1 R4 Joi-FHAE )

AR ERIHRERHADEFE M ELE S, 1S5 LM74910 $diE 38 (AR 43

Br T LM74910 24, A rd 1C I mT 6 A H A 82 0F o 5 U5 RIAEINAES (T1) Wb, JFAE 2248 R E/ORIng #2775
[P sk - < E AW

IR F B SARY | 7 2B LM74910 THE ( TP1 AW TP2 MG NE ) |, EARKET | Eit
2 g1 A J2 Bk | KR NETE +12V Vin_Main &3 E 12Vs T 5.

6 3.3V E I B4 Bl IR

A — AR SR LS LDO SREZHEH IT AL 3.3V B EIR . 1% IR 5 B T A S I P A B A A
IC fitef , Jfovm AV LA B REfs S IR LR il IR RGO BAT—DNSL T AR fay 4 b A I AU L
FHRAW TR R AR AR SR A 4w 1C (LY 3.3V BERIAIRHL &, WA 7 20k LDO.

7 5V B Efe R AR MR A

ZARGHTHITA S (POL) #2850l W NARRHIC A B A . BRI — AN/ RSE L AR F a7 SRl v T &
55 PR T R0 FE R B (3B T 252 K20 BV RN L E ) IR POL B 28 oA AT . Xt fe BB A —14
AT H2 52 T BN LR R R R LR R O BV AT B AR R BRI . LM25148 & —FUEH T LIAH BRI s R 2B
PS4 1IC. LM25148 15 B ML 440kHz IJFRMIFIEZ T, LM25148 HA LU RRr: - nldsE EMI PEREMFL 3
S AThRE |, G T MK Sh A E YR AR A E 25 A, AN S s L BE ) AR B A g R R A T g AR DA
AT TE B (50 32 B B F A R

8 K Rl i 1R FEL AL AL R P T P

TR E AAZ L , P TPS6287B25 Fa kot IC RSZBIFAHAC 15 2UIF) 20 B IR #6 #e a% o 12231 vl R A spf %
s, AT 5 HAh TPS6287B25 IC LAF{E5E 77 A HAE WA AR GIE1T. X T VE2302 #4544 , SLiti i AH
TPS6287B25 i%it , H A AT = 40% N 1.5MHz. A7 2 Al 4WfE N 5407 1 F 180 FEEAHRE |, sl A
3MHz I KANF A skt . TPS6287B25 A A5 12C Thiig , vl H T &Mkt ThRERSEE T s (H
KIEAE R | ISR L ) o YA E N RGN | S i — AR RO F 5 H S . R ST 12C
A, PR E AR AR AR s R B s AMEER R AR RPN B . N T RE RS TR AR S A () B 1 Y H it
KEM T , TPS6287B25 SZHLH L FEAMEZThEE ( ATIER 12C e8¢ ) A B T4 570380 528 18] vl /b A A% i 1) 5t
MR . 3 8-1 R T R ABHIAHZS A AEE B A 4100 1C BT AR

B AL Sk iU dE - SLC1480-111MLB. SLR7010-101KED. SLC1049-101MLB
% 8-1. TPS6287B25 FAHAIFEAH 5| fITh

5| B2 TR EHIB TR JeEARIB R ThER

VIN BINEIE ; EREZE Vi MAHE ; EBE Vin

EN fERESI ; K BTA ML EN 5] AL &7 —#2

MODE/SYNC 1% B T A 84T N eGP SR PN

SYNC_OUT FEoCu e, T IRSI T —4H FEOCh B, T IRS0 T —40 ( BRAEE Al

AHBRZ) )
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L 1 e Connect load to these

May also use LMCSS5CMINOPB 5y = " set of terminal

60mOhm load/sense resistor provides about 33% Load Step (~ 13.2A) with Vout set to 0.8V -->
With R73 (0.06 Ohm) installed, the scale for current sensing will be 60mV/A. -->

T5and T6 are

screw-type terminal lugs,
while MH5 and MHG are

*NOTES:

metric 4 (i.e. M4)
mounting holes.

1. The load step currents mentioned also take into account the Rds_ON resistance of the two, paralleled load step FETs, which have about 1.25mOhms each.
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