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NBM™ Bus Converter 

NBM2317S60D1565T0R 

Non-Isolated, Fixed-Ratio Bidirectional DC-DC Converter 

Features & Benefits 

• 97.9% peak efficiency 

• Bid irect ional start up and steady-state operation 

• Up to 6.4kW/in3 power density 

• Maximum continuous output power: 800W 
■ Up to 1 kW, 2ms peak power capability 

• Rated output current, step-down operation 
■ 65A continuous 
■ 100A t ransient, up to 2ms 

• Rated output current, step-up operation 
■ 16.25A continuous 
■ 25A transient, up to 2ms 

• Parallel operation for mult i-kW arrays 

• OV, OC, UV, short circuit and thermal shut down 

Typical Applications 

• DC Power Distribution 

• High-Perfo rmance Computing Systems (HPC) 

• Mild Hybrid and Autonomous Vehicles 

• Automated Test Equipment (ATE) 

• Industrial Systems 

• High-Density Power Supplies 

• Communications Systems 

• Transportation 

• Bid irect ional DC Energy Storage 
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Product Ratings (Step-Down Operation) 

VHI = 54V (40 - 60V) t o = up to 65A 

VLO = 13.SV (10 - 15V) 
K = 1/4 

(NO LOAD) 

Product Description 

The NBM2317S60D1565T0R is a high-efficiency Non-Isolated Bus 
Converter operating from a 40 to 60V0c high-side voltage bus to 
deliver a ratiometric low-side voltage from 10 to 1 SV oc. 

The NBM2317S60D1565T0R offers low noise, fast transient 
response, and industry-leading efficiency and power density. In 
addition, it provides an AC impedance beyond the bandwidth of 
most downstream regulators, allowing input capacitance normally 
located at the input of a Pol regulator to be located at the high 
side of the NBM. With a high-side to low-side K factor of 1/4, that 
capacitance value can be reduced by a factor of 16x, resulting in 
savings of board area, material and total system cost. 

Leveraging the thermal and density benefits of Vicor SM-ChiP 
packaging technology, the NBM offers flexible thermal 
management options with very low top- and bottom-side thermal 
impedances. Thermally-adept SM-ChiP-based power components 
enable customers to achieve low-cost power system solutions 
with previously unattainable system size, weight and efficiency 
attributes quickly and predictably. 

The NBM non-isolated topology allows bidirectional start up 
and steady-state operation and provides bidirectional fault 
detection and shut down. 

Package Information 

• Thermally-Adept SM-ChiP™ 

• 22.8 x 17.3 x 5.2mm 
[0.90 X 0.68 X 0.20in] 

• Weight: 8.7g 
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NBM2317S60D1565T0R 

Typical Applications 

Fuse 
+VHI +VLO 

~ EN NBM™ 
+ c;.,_ .. _EXT;: ~ = = TM/ OG = = ;: ~ C..o_OUT_EXT Pol 
-

PGND 

' I 

NBM2317S60D1565TOR + point-of-load 

Step-Down Operation 

Fuse 
,--rrv,- - - - --- +VHI +VLo ------ ------- Load 1 

+ 
C tU_-.i_EXT 

EN 

TM/ OG 
NBM™ 

PGND 

NBM2317S60D1565TOR in step-down operation powering point-of-load regulator and direct load 

Step-Up Operation 

Fuse 

Point-of-Load 
Regulator Load2 

- rrv,- - - - --- +VLO +VHI ___ _ ___ ..,. PRM™ VTM™ Load 1 

EN NBM™ 
TM/ OG 

PGND 

NBM2317S60D1565TOR in step-up operation powering PRM + VTM and MCD + MCM 
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�4/G*+,G>4�0=/G,HG>*,368�K536*�PabVf[ fXS[TcW�Xbbe��TmVY�Xee�e[cV�Xcg�eTXg�fTcg[S[TcW��RceVWW�TSkVY}[WV�cTSVg��-347¡>G/�WbVf[ fXS[TcW�Xbbe��TmVY�SkV�SV\bVYXSRYV�YXclV�Td���y�q�¢�Z~iZ̀UiQo�¢�����q��Zj£YXgV���Xee�TSkVY�WbVf[ fXS[TcW�XYV�XS�Z~iZ̀UiQo�����¤q�RceVWW�TSkVY}[WV�cTSVgh

¥�¦aRWSX[cVg�fRYYVcS�SkYTRlk��Tg��g[TgVW�fXc�fXRWV�bT}VYSYX[c�gX\XlVh�aVV�§WSXYS�Rb�Xcg��[g[YVfS[TcXe�TbVYXS[Tc§�Tc�bXlV���h

VICOR 



����������	
��
��
� ��������������	����� �������

����� !"#$% &#&'$()**+,-.*/ 012-34 5367,*,368�9�:3*/8 ;,6 <1= ;>? @6,*</2=/+>*.+/�;36,*3+�9�A.*=.*�B337�C<;�9�ABD�E-FGHIJKLKMNO�MPLNQJ�LH�RS�T�UV�LNWJ LRSTUV GHIJKLKMNO�MPLNQJ�LH�RS�T�UV�XNYXZ�[LMKL�\]�NOLH��_̂__̀a�bHIc[NdJ�H\L]\L�PM]MPNLMOPJ ef W[RS�T�UV�gHbLMYJ�hMOYJ gRSTUV eijk liml gRS�T�UV�gHbLMYJ�hJnJKJOPJ gRSTUVopSq Rr�PHOLKHbbJK�s�tuvw tx_y txz txz{ gRS�T�UV�|H\KPJ�w\KKJOL }RSTUV RS�MPP\KMP~�s���vw lkk �pRS�T�UV�|XHKL�wNKP\NL�w\KKJOL }|woRSTUV SM�NW\W�[H\KPJ�P\KKJOL�IXJO�]\bbJd�LH��YKH\Od�J�LJKOMbb~ l WpRS�T�UV�VMNO pRSTUV u Wg�T�vwRS�T�UV�gHbLMYJ�hN]]bJ gRSTUVoGG wRSTUV�s�_]aZ�g�}o�w�s��{gZ�}�UoU�Ro�w�s�y�p z__ e�k WgRS�T�UV�aM\bL�hJ[]HO[J�RNWJ RahoRSTUV aKHW�nM\bL�LH�RS�T�UV�bHI t �[RS�T�UV�gHbLMYJ gRSTUVo�}| RSTUV�XJbd�bHI��~�NOLJKOMb�PHOLKHbbJK _xt gRS�T�UV�|NO�NOY�w\KKJOL }|}��oRSTUV SM�NW\W�P\KKJOL�RSTUV�PMO�[NO��IXJO�]\bbJd�bHI��~�NOLJKOMb�PHOLKHbbJK � Wp�6>-4/�9��,8>-4/�536*+34�C�:D�E-F�OM�bJ�G\bbc�]�gHbLMYJ g�� �i� �xz �i� g���|H\KPJ��w\KKJOL� }��o�� lk �_ �p�OM�bJ��NYX�RXKJ[XHbd g��o�}V�oR� ki� z eie g�OM�bJ��HI�RXKJ[XHbd g��o�U�oR� _xu _x� ki� g����N[M�bJ��\KMLNHO L��o�}|oL SNONW\W�LNWJ��JnHKJ�MLLJW]LNOY�KJcJOM�bJ e [�OM�bJ�RXKJ[XHbd��~[LJKJ[N[ g��o��|RoR� t__ Wg�OM�bJ�LH�GHIJKLKMNO�pPLNQJ�RNWJ L��o|RphR g�}o�w���g�}o�g�U�Z����XJbd�bHIx��qHLX�PHOdNLNHO[�[MLN[�Jd�nHK�LNWJ���L�}oRUo�Uo���p� t__ �[����N[M�bJ�LH�gU�R�RNWJ L��o�}| zxy f �[

�4/�*+,�>4�0=/�,��>*,368�C536*iD|]JPN�PMLNHO[�M]]b~�HQJK�Mbb�bNOJ�MOd�bHMd�PHOdNLNHO[Z�\ObJ[[�HLXJKIN[J�OHLJd��-347�>�/�[]JPN�PMLNHO[�M]]b~�HQJK�LXJ�LJW]JKML\KJ�KMOYJ�Hn���{_vw���R}�R�h�p����zt�vw��RcVKMdJ���Mbb�HLXJK�[]JPN�PMLNHO[�MKJ�ML�R}�R�h�p��s�t��w�\ObJ[[�HLXJKIN[J�OHLJdx

 ¡¢�|JJ�[NYOMb�LJKWNOMb�dJ[PKN]LNHO�[JPLNHO�HO�]MYJ�z�x

VICOR 



����������	
��
��
� ���������������	���� �������

������ !"#$�%"%&#'

()*+,-)./�01234�56748*/�95:;6<,-)./�=34234�>3?
?/14�9@:

ABCCADC
EAAEBC

FGHIHJKILM FGHIHJKINJGOPQA QB QQ QR CAQS CQCB CR CS RA

TUVWXYZ[�\]̂ _̀�aUb̀cd[�eafgYdhWXYZ[�i_̀_̂̀�j_k
k[]̀�elf

mnmono
pmpoqm

rsrtuvwtxy rsrtuvwtzv{|}nm nm~o nn nn~o np~onp nq~onq n� n�~o no

����������������������������������������������
������

����������
��������

�� �� �� �� ���  ���� �� �  ��¡¢£¤£¥¦¤§̈ ¡¢£¤£¥¦¤¡¥¢©ª

«¬­®̄°±²�³́µ¶·�̧¬¹·º»²�¼̧½¾°»¿®̄°±²�À¶·µ¶·�Á¬­
²Â�¼Ã½

ÄÅÄ ÅÄÆÇ ÅÅ ÅÅÆÇ ÅÈÆÇÅÈ ÅÉÆÇÅÉ ÅÊ ÅÊÆÇ ÅÇËÌÍÎÏÐÑÎÒÓ ËÌÍÎÏÐÑÎËÐÔÕÖ
×ÄÄÈÄÄÊÄÄØÄÄ
ÅÄÄÄÅÈÄÄÙÚÛÜÝÞ�ß�à�áâãäåæãç�ãèãäéêåäëè�ìâãêëéåíî�ëêãëï�ðéãâñçìòí�ìâãêëéåìí

ÙÚÛÜÝÞ�ó�à�áâãäåæãç�ãèãäéêåäëè�ìâãêëéåíî�ëêãëï�ðéãâñôâ�ìâãêëéåìí

õö÷øùú�����ø÷ù
ÙÚÛÜÝÞ���à���ãê	ëè�ðâãäåæãç�ìâãêëéåíî�ëêãë
��ìééì	ñðåçã�äììèåíîï�ìôéâôé�âìòãê��ð
�äëðã�éã	âãêëéôêã ÙÚÛÜÝÞ���à���ãê	ëè�ðâãäåæãç�ìâãêëéåíî�ëêãë
�çìô�èãñðåçãç�äììèåíîï�ìôéâôé�âìòãê��ð
�äëðã�éã	âãêëéôêã��������������������������������������� � !" #$� #%� &#� '$�$ (& &$ )& *$$ *(& *&$

#$)$*$$
&$($'$+$ ,-./�0/12/3-453/�67,89 :; ;9 <; =99 =:; =;9>54254�,533/?4�6@8 A9

<9
=99
;9:9B9C9 DEFG A9D AHD ;AD B9D

I\.\. 

'- \ 
" \\ 

" \ 
~ \ 
\ \ 

\ \ 
\ \ 

- ------i---i----
~ ----i--- -

-- --i---i---r---
~ ~ -

t--i---
- - -

VICOR 



����������	
��
��
� ���������������	���� �������

������ !"#$�%"%&#'())*+,-.+/0�12-3-,.43+5.+,56�7.4)89/:0�;)43-.+/0<=>?=@ABC@=�DEFB@EGG=H�IJA�BE?�KJH=�DEGH�?GAB=L�CFG=KK�EBM=@NJK=�FEB=HO�PGG�HABA�?@=K=FB=H�JF�BMJK�K=DBJEF�A@=�DEGG=DB=H�Q@E>�CFJBK�E?=@ABJFR�JF�KB=?SHENF�>EH=L�?@ED=KKJFR�?EN=@�Q@E>�MJRMSIEGBAR=�KJH=�BE�GENSIEGBAR=�KJH=O�T==�AKKEDJAB=H�URC@=K�QE@�R=F=@AG�B@=FH�HABAO
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Signal Terminal Descriptions 

Enable Control (EN) 

The EN terminal enables and disables the NBM. When held low, the 
NBM is disabled. When allowed to float, the module will start and 
the EN terminal is pulled up to internally generated VEN (or Vee). 

The EN terminal is capable of being either driven high by an 
external open-collector or open-drain logic signal. During normal 
operation, EN terminal output is VEN, 

In an array of NBM modules, EN terminals should be 
interconnected to synchronize start up. The NBM modules will start 
simultaneously when enabled. 

Note that NBM must not be disabled if a load is present on the 
high side while operating in step-up mode to avoid load current 
conduction through the powertrain MOSFET body diodes. 

Temperature Monitor and Output Good (TM/ OG) 

The TM/ OG terminal provides temperature monitoring and 
power good functionalities. It can be used to accomplish the 
following two functions: 

■ Output Good flag 

This terminal will be internally held low until the start up has 
completed. When the output voltage is in a steady-state 
condition after the completion of the soft start, it will internally 
be released and can be used as a "Ready to process full 
load current" flag. 

This signal can be used to drive logic circuit downstream for 
delayed enable or connection of the load. It can also be used 
as "Fault flag", as the terminal is pulled low internally when a 
fault is detected. 

■ Monitor the control IC temperature 

After start up, this terminal provides a voltage proportional to 
the absolute temperature of the converter control IC. It monitors 
the internal junction temperature of the controller IC within an 
accuracy of ±5°C, with an approximate gain of 7mV/0 C. 

The following equation can be used to get the equivalent TM 
voltage in volts for a given junction temperature (TJ) in °C. 

TM(V) = T
1 

(°C) • 0.007 + 1.911 

The following equation can be used to get the junction 
temperature (TJ) in °C for a given TM voltage in volts. 

T(oc) = TM(V) - 1911 
1 0.007 

Start Up and Bidirectional Operation 

The NBM2317S60D1565T0R is capable of start up in both 
directions (step-up and step-down) once the applied voltage is 
greater than the undervoltage lockout threshold. 

Start Up 

■ Start up from application of input voltage 

When the input voltage is applied, the internal bias supply comes 
up and powers the internal controller. The controller handles 
the powertrain switching and fault management. The typical 
start-up time of bias supply is 3ms from when the input voltage 
is reached to the controller initialization voltage CVc-AcTivE), 

NBM2317S60D1565T0R 

When the input voltage slew rate is slower and does not reach 
to the input undervoltage recovery threshold (UVLO+) within the 
start-up time of the bias supply, the controller registers the UVLO 
fault and delays the start-up by the amount of auto restart time 
(tAuro RESTART), However, if the input voltage slew rate is faster 
and reaches to the input UVLO+ within the start-up time of the 
bias supply, the output voltage starts after the input-to-output 
undervoltage start-up delay (tH1 TO LO DELAY or tLO TO HI DELAY) 
depending on the mode of operatfon~ Refer to the electrical 
specifications table for timings. 

■ Start up from application of EN 
with pre-applied input voltage 

When the input voltage is pre-applied and the start-up is from 
application of EN signal, the output voltage starts after finishing 
the enable to powertrain active time (tEN_START), 

Bidirectional Operation 

The non-isolated bus converter module is fully bidirectional. Once 
the unit is enabled, the NBM2317S60D1565T0R will operate 
in step-up mode, transferring energy from low side to the 
high side, whenever the low-side voltage exceeds VHI • K. The 
NBM2317S60D1565TOR module will operate in step-down mode, 
transferring energy from high side to the low side, whenever the 
high-side voltage exceeds VLO / K. 

Loading must be delayed until completion of start up. The 
output good (TM/ OG) signal terminal voltage can be used to 
determine when the start-up has completed and the load can 
be safely enabled. A load must not be present on the HI-side 
(+VHI terminal) if the powertrain is not actively switching and 
LO-side voltage (+VLO) is present: remove any HI-side load prior to 
disabling the module. 

Conduction from LO to HI side through powertrain MOSFET body 
diodes will occur if the unit stops switching while a load is present 
on the HI side and LO-side voltage (+VLO) is present. In other words, 
if the powertrain is disabled through EN terminal or by any fault 
detection and LO-side voltage (+VLO) is present, then a voltage 
equal to +VLO minus the body diode drops will appear on the HI 
side, see Figure 27. Note that in this condition the NBM does not 
have a current-limiting mechanism from +VLO to +VHI. The built-in 
short-circuit fault shut down will stop the powertrain switching 
in case of a fault on the HI side; however external circuitry will be 
needed to limit the fault current and remove faults. 

Step-Up Operation 

"' "' "' +VLO Y• Y• Y• +VHI 
0o1 Q D2 0o3 

EN 

TM/OG NBM™ 

PGND 

I 

Figure 27 - Conduction path through MOSFET body diodes under 
disabled or fault conditions 

00 1, 0 02, 003 are the internal power MOSFET drain-source body 
diodes. The voltage drop across each diode is 1.1V, and any current 
conduction through the diodes is not recommended. 
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11 I I I I I I I I I 11 I 11 

ill I I I I II I I I 11 I I 11 I 11 I 111 I I 

.... L. : ..•.... :;.: ..•....... : ......... : ........ : ... :: ............ : ......... :_ :-···. ·····y ···· ••••••• ·: 

i : ::: : : i i :: I : i : : 

-Tr----------1----11---r---------------,ri-----r------
11 I 11 I 111 I 
11 I 11 I 111 I 
II I 11 I 111 I 
11 I 11 I 111 I 

11 
----·, I ------

1 I 
11 
11 
11 
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Step-Up Operation 

5 7 9 11 
Controller Overvoltage OVercurrent Undervoltage EN Turn-On, EN Turn-On, 
~ urn-On/Active :Shut Down 1Fault Shut Down I Shut Down jEnable NBM jRe-Enable NBM 
I 2 I 4 I 6 I 8 I 10 I 
I NBM I OVervoltage I Overcurrent I Controller I EN NBM 

V l 1 'Turn-On 
1 

' Recovery 
1 

'Recovery 
1 

' Tum-Off 1 1
Tum4,t v~~ .. .. !.. _ ... !...................... 1 1 1 1 1 1, 1 , 

o.o-<M.0- • ·· : ··t ···l·····1·······t······ ·: ......... ••-,.•······················-····1 
··········~· ·························· ··········: ~·············· :}j····+······~i ················ 

I I I 1 1 I I I I I I 11 I 11 111 I 11 1 
NLI I I I I I I I I I I I '• I 11 •11 I •11 

v~ ; ;;t:;:;;;;:;;;t ;;;J ;;;;;;;{ ;;;;;;;;t;;;;;;;;;;;;;;;i ;;;;;;j ;;J ;;;;;;;;;~i ;;;;;;;;;;;;;;;;;;;;;;;;;i;;;;;;:::ti:;;;;;;·:::;;;t ;;;t ;;;Jf ;;;;;;;;;;;;;;; 
I I I I I I I I I I I 11 I 11 
I I I I I I I I I I I 11 I 11 

EN __ ---+__..._-+-___._,_.------l- --+--1--- ...._-t-r-----+--+-+------'1-t--------+-- --+-1----- t--....____,11-t-----+ 
11 l ~ I I 

: : i I I o. f,. 11. 0•1.+ 
I I I II I I 
I I I II I I 
I I 111 I I 
I I I II ....... I 

v.0 • K 

I I II I I 

VHJ : . t :-ti ~ lso,,_.,.l ---..... 'l""'~ ' . .. _- _., ... 
""f"""T"" I II 1 I I I I 

I I 111 I I I I 11 
I I 111 I I I I 11 

._OUT_OCP -
11

1
tAUTO_flE.s=.f : 

- ;:J ,~ SO#T_STN«T 
I 

llj I 111 
Ii I I Ii I 

t,.Jt}.._.,.~ t ,._~ .. 

4i ~ I • ""°11 ~ 
:[11 

-"""' II 
• t.,._,~ I :I _..:~ _., .. , 

TM/OG I ! i ii I i i ii ! i 1----4i--i -JI . I ! i 1 "D J . 
IHJ 

I I 111 I I I I II I 

::::-+·1··t···tn··1·······t·········t·········r··tt············t········1~ ! , 

I I 'II II 

Highlighted line: Acorduc:tion path from LO side to HI side exists thrwgh body diodes 
of pov,,iertrain MOSFET. When the pO'Nertrain is disabled or any fault and +VlO present, a 
voltage equal to +VlO minus the body diode drops w ill appear on the HI side. 
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