Additional Resources: Product Page
R

\\\% C U I I N C® ::;: 05222/5015

MODEL: NDM3ZS-60 | DESCRIPTION: AUTO COMPENSATED, DIGITAL DC-DC POL CONVERTER

GENERAL CHARACTERISTICS FEATURES

® 7.2~14 V input range e Novum® Advanced Power Module
¢ 0.6~1.5 V programmable output e compact package

¢ high efficiency vertical:

¢ voltage tracking 33.0 x 8.91 x 18.1 mm

e voltage margining (1.30 x 0.351 x 0.713 in)

e Snapshot™ parametric capture horizontal:

e voltage/current/temperature monitoring 33.0 x 18.1 X 7.44 mm

e synchronization and phase spreading (1.30 x 0.713 x 0.293 in)

e remote differential voltage sense ¢ 60 A output

e programmable soft start and soft stop e adaptive algorithms

« fault management « cycle-by-cycle charge management

e patented SOLUS® Power Topolog
e SMBus interface

~ ®
N e PMBus™ Compatible 8 (-) Lu 8
nlll'ls P ' : ‘A CUI TOPOLOGY
e
MODEL input voltage oltage tput current output wattage
max max
(vdo) (A) W)

NDM3ZS-60 7.2~14 60 90

PART NUMBER KEY

X-X-XXX-X

\ Package Option:

Base Number Optional Firmware Configuration:

N A = loose parts
000~ZZZ B = tape and reel
C = tray

Pin Configuration:

A = HT 3.56 mm pin length
A =V 4 mm pin length

B =V 5.5 mm pin length

Example part number: NDM3ZS-60V-A-001-C
vertical module

standard pin configuration
loose parts package option
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INTERNAL CIRCUIT DIAGRAM

VIN +—§@ VOUT
3
GND @ & L :1 —4@ GND
PG ¢— .
SLRT (e CTRL
VSET 4 Digital VR Co ler SYNC
SCL — —ag SDA
SA ¢— —ag DDC
VTRK ¢p—ed ——=& PREF
POWER CONNECTIONS
symbol pin description
VIN 1A, 1B Input voltage
GND 2A, 2B Power ground
VOuT 3A, 3B Output voltage
N/C 11, 12 No connect on module
COMMUNICATIONC
symbol pin description
+S 4A Output voltage positive sense input, N/C if not used

Output voltage negative sense input, N/C if not used

Digital Output voltage pin-strap

nalog Voltage tracking input, N/C if not used

Digital SMBus alert, N/C if not used

Digital SMBus data, pull-up resistor required even if not used
Digital SMBus clock, pull-up resistor required even if not used

N/A Not Connected
Digital SMBus address pinstrap
Digital Synchronization I/O, N/C if not used
Digital Power good, pull-up resistor or configured as push-pull
Digital Remote control or enable, N/C if not used, internal pull-up resistor

Digital-DC Communications bus, pull-up resistor or

pbC 10A Digital configured as push-pull (stand-alone only) required

PREF 10B Ground Pin-strap ground
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TYPICAL APPLICATION CIRCUIT

2555V
NDM3ZS-60
< VTRK
SLRT
SLRT
DA 1 SDA
>CL ® SCL DDC
- CTRL
-1 SYNC
RSA
SA
RSET
g UseT
PREF
VN J_ VIN J_ )\
CIN LOAD
GND T CouT |
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ABSOLUTE MAXIMUM RATINGS

parameter conditions/description min typ
V., input voltage -0.3

digital pin voltage CTRL, DDC, SA, SLRT, SDA, SCL, SYNC, VSET, PG -0.3

analog pin voltage +S, V,, VTIRK -0.3

ground voltage differential GND, PREF, -S -0.3

operating temperature T,, -40

storage temperature -40

Notes: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. Exposure to absolute

extended periods may affect device reliability. This is a stress rating only; functional operation of the device at these or any other co
in the Electrical Specification section of this specification is not implied.

Configuration File
The digital control circuit in this module uses a configuration file which determines

PRODUCT ELECTRICAL SPECIFICATION

T,, = -30to +95°C, V, = 7.5 to 14 V, unless otherwise specified
Typical values given at: T, = +25°C, V, = 12.0 V, max I, unl
V, defined by pin strap. Standard configuration.
External C,, = 470 yF/10 mQ, C,, = 5x 470 yF/10 mQ + . ing Information section for selection of
capacitor types.

Sense pins are connected to load.

parameter conditions/description min typ max units
input voltage (V)) 7.5 14 \Y
input voltage rise time (V) monotonic TBD V/ms
output voltage without
h 1.2 \"
pin-strap (V,)
output voltage adjustment
range (V,) 0.60 1.5 \Y
output voltage adjustment in-
cluding PMBus margining (V) 0.54 1.65 v
output voltage set-point o
resolution (V) +0.025 oV,
output voltage accuracy? (V) including li load, temp -1 1 %V,
internal resistance
VOUT/GND (V,) 47 Q
+S bias current -100 20 100 HA
20 HA
V,=0.6V TBD mV
o = max I V,=1.0V TBD mV
V,=15V TBD mV
V,=0.6V TBD mV
o = 0~100% V,=1.0V TBD mV
V, =15V TBD mV
V,=0.6V TBD mVp-p
(up to 20 MHz) V,=1.0V TBD mVp-p
V,=15V TBD mVp-p
urrent (I,) 0 60 A
current limit threshold (I, ) 60 75 A
Notes: 2. For V, < 1.0 V accuracy is +/-10 mV. For further deviations see section Output Voltage Adjust using PMBus
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PRODUCT ELECTRICAL SPECIFICATION (CONTINUED)

parameter conditions/description min typ max units
RMS, hiccup mode, V, = 1. 1.5 mQ short

0.6V
1.0V
1.5V

0.6V
1.0V
1.5V

0.6V
1.0V
1.5V

0.6V
1.0V
1.5V

short circuit current (I

o
<

SC)

o

50% of max I,

o

o

efficiency (n)

I, = max]I,

@

e

power dissipation at max I (d)

O

e

input idling power (P;) I.=0

< <L << <K | < <K | << <
) <) o o

e

input standby power (P turned off with CTRL-pin

internal input capacitance (C)) vV, =0V

CTRL)

internal output capacitance (C,) V, =0V

total output capacitance! (C effective capacitance

OUT)

switching frequency

(fsw = 1/Tg)
switching frequency range? PMBus configurable 1334 KHz
(fsw = 1/Tg,) FREQUENCY_SWITCH
switching frequency set-point 5 5 %
accuracy (fy, = 1/T,,) °
external sync duty cycle
TBD %
(fow = 1/Te) °
external sync pulse width
150 ns
(fsw = 1/Tg)
input clock frequency drift tol- _ o
erance (f,, = 1/Tg,) 10 10 %o
initialization time (T,;;) 65 ms
output voltage T T Tonder
total on delay time (T, o) oNdel
output voltage on delay time > ms
T range PMBus configurable TON_DELAY 3 5000 ms
ONdel accuracy (agtual delay vs set value) -0/+1.5 ms
duration 5 ms
?#tp“g voltage off d configurable TOFF_DELAY 4 5000 ms
OFFdel actual delay vs set value) -0/+1.5 ms
turn on ramp duration 5 ms

Disabled in standard configuration.
urn off ramp duration Turn off immediately upon expiration
of turn off delay.

ramp duration range PMBus configurable

TON_RISE/TOFF_FALL 0 100 ms
ramp time accuracy for standalone operation (ac- £250 s
tual ramp time vs set value) H
rising 90 %V,
falling 85 %V,
PMBus configurable
POWER_GOOD_ON 0 100 %V,
VOUT_UV_FAULT_LIMIT

Notes: 1. Value refers to total (internal + external) effective output capacitance. Capacitance derating with VO typical for ceramic capacitors (bias characteristics) and

temperature variations must be considered for the external capacitor(s). See section External Output Capacitors.

2. There are configuration changes to consider when changing the switching frequency, see section Switching Frequency.

3. The specified accuracy applies for off delay times larger than 4 ms. A value of 0 ms can be set to guarantee a fast shut-off, but this will force the device to
Immediate Off behavior, even if soft-off, i.e. ramp-down, is configured. When setting 0 ms the actual delay will be 0 ms.
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PRODUCT ELECTRICAL SPECIFICATION (CONTINUED)

parameter conditions/description min typ max units

power good delay (PG) From VO reaching target to PG assertion 2

PMBus configurable

power good delay range (PG) POWER GOOD DELAY

input under voltage protection
threshold (IUVP)

input under voltage protection PMBus configurable
threshold range (IUVP) VIN_UV_FAULT_LIMIT

input under voltage protection
hysteresis (IUVP)

input under voltage protection PMBus configurable
hysteresis range (IUVP) VIN_UV_WARN_LIMIT

input under voltage protection
set point accuracy (IUVP)

input under voltage protection
response delay (IUVP)

input under voltage protection shutdown, automatic restart
fault responset (IUVP) VIN_UV_FAULT_RESPONSE

input over voltage protection
threshold (IOVP)

input over voltage protection PMBus configurable 6.9~16 Vv

threshold range (IOVP) VIN_OV_FAULT_LIMIT ’

input over voltage protection 1 Vv

hysteresis (IOVP)

input over voltage protection PMBus configurable 0~9.1 Vv

hysteresis range (IOVP) VIN_OV_WARN_LIMI '

input over voltage protection

set point accuracy (IOVP) TBD mv

input over voltage protection

response delay (IOVP) 100 HS

input over voltage protection

fault response! (IOVP) 280 ms

output voltage under voltage 85 %V

protection threshold (UVP) Vo

output voltage under voltage

protection threshold range 0~100 %V,

(UVP)

output voltage over, 0

protection thresh 115 oV,

output voltage o )

protection thres I\O/IB#s_(g?/rlfII:gAlljJrthﬂﬁIMIT 100~115 %V,
10 us

shutdown, automatic restart
VOUT_UV_FAULT_RESPONSE 280 ms
VOUT_OV_FAULT_RESPONSE

omatic restart ~280 ms after fault if the fault is no longer present. Continuous restart attempts if the fault reappear after restart. See Operating Information
er fault response options.
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parameter conditions/description min typ max units
over current protection
threshold! (OCP) set value per phase 55
over current protection PMBus configurable 0~55
threshold range! (OCP) IOUT_AVG_OC_FAULT_LIMIT
over current protection TBD
protection delay! (OCP) ‘
over current protection shutdown, automatic restart? 28 ms
fault response! (OCP) MFR_IOUT_OC_FAULT_RESPONSE
over temperature protection 125 oC
threshold?® (OTP) position P3
over temperature protection .
< PMBus configurable
3 - o
t_hreshold range3 (OTP) posi OT_FAULT LIMIT C
tion P3
over temperature protection . o
hysteresis® (OTP) position P3 PMBus configurable ¢
over temperature protection . )
5 o shutdown, automatic restart
;a3ult response? (OTP) position OT_FAULT RESPONSE ms
over temperature protection oC
threshold® (OTP) position P1
over temperature protection ]
. PMBus configurable
3 - -40~ o
t_hreshold range® (OTP) posi MFR_VMON_OV_FAULT LIMIT 40~150 C
tion P1
over temperature protection . °
hysteresis® (OTP) position P1 PMBus configurable 25 ¢
over temperature protection
B o shutdown, automa
|f3a1UIt response? (OTP) position VMON_OV_FAULT R 280 ms
input voltage o
READ_VII *3 HoV;
TBD %V,
T,=25°,V,=1.0V +1 A
o T,=0-95°C, V,=1.0V +3.5 A
monitoring accuracy
duty cycle duty cycle <10% TBD %
READ_DUTYACYCLE duty cycle >10% TBD %
iti - 0,
RATURE 1 position P2 5 5 Yo
position P1 TBD °C
70 200 HA
t voltage range VTRK pin TBD \Y
- o -
tracking accura regulation 100% tracking TBD mv

ramp accuracy, V, = 1.0 V, 5 ms ramp

‘esponse options.

applies per phase. The total OCP limit will be twice the set value.
art ~280 ms after fault if the fault is no longer present. Continuous restart attempts if the fault reappear after restart. See Operating Information

section Over Temperature Protection (OTP).
maximum tracking rise-time is 1 V/ms, see section Voltage Tracking.
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PRODUCT ELECTRICAL SPECIFICATION (CONTINUED)

parameter conditions/description min typ max units
logical output low signal level SCL, SDA, SYNC, DDC, SLRT, PG 0.5
(Vo) sink/source current = 2 mA '
logical output high signal level SCL, SDA, SYNC, DDC, SLRT, PG 2.25
(Vou) sink/source current = 2 mA ’
logic output low sink current 5
(Ig)
logic output high source cur- mA
rent (I,,)
logic input low threshold (V) SCL, SDA, CTRL, SYNC, DDC \%
logic input high threshold (V,,) SCL, SDA, CTRL, SYNC, DDC \Y
logic leakage current (I, ) SCL, SDA, SYNC, SLRT, PG 100 HA
logic pin input capacitance SCL, SDA, CTRL, SYNC, DDC pF
(CI_PIN)
logic pin internal pull-up resis- SCL, SDA, SLRT -up
tance (R, ;) CTRL to +5V kQ

- DDC to +5V kQ
SMBus operating frequency 400 KkHz
(fSMB)
SMBus bus free time* (T,,.) STOP bit to START bit us
SMBus SDA setup time from 0 ns
SCL* (t.,)
SMBus SDA hold time from

300 ns

SCL! (t,,)
SMBus START/STOP condition 600 ns
setup/hold time from SCL
SCL low period (T,) 1.3 s
SCL high period (Thigh) 0.6 us

Notes: 1. See SMBus - Timing section.

cui.com


https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-ProductPage&label=NDM3ZS-60.pdf&path=%2fproduct%2fdc-dc-converters%2fdigital-pol%2fndm3zs-60-series
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-ProductPage&label=NDM3ZS-60.pdf&path=%2fproduct%2fdc-dc-converters%2fdigital-pol%2fndm3zs-60-series
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-HomePage&label=NDM3ZS-60.pdf&path=/
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-HomePage&label=NDM3ZS-60.pdf&path=/

Additional Resources: Product Page

CUlInc | MODEL: NOM3ZS-60 | DESCRIPTION: AUTO COMPENSATED, DIGITAL DC-DC POL CONVERTER date 08/24/2015 | page 9 of 34

TYPICAL OUTPUT CHARACTERISTICS,V_=0.6V

Conditions (Standard configuration unless otherwise stated): T,, = 25°C

Efficiency Power Dissipation

/o

90

%
S

E
85 / g
—_ E=]
g / / g
@
g 50 / a8
3 —75V =
£ 3
i} — 1 \/ o
75 - o
2
3
T
o
70 2
0 10 20 30 40 50 60
Load Current (A)
Output Current Derating for Vertical Version
60 <

ol \\%

W A8
/

\

TBD

N
o

Max Current (A)
w
o

=
o

o

0 20 40 60
Max Ambient Te

Output ple and Noi Transient Response

TED TBD

Vin = 12V, Iout = Imax Vin = 12V, Iout = 25% Imax—=75% Imax—=25% Imax
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TYPICAL OUTPUT CHARACTERISTICS,V_=1.0V

Conditions (Standard configuration unless otherwise stated): T,, = 25°C

Efficiency Power Dissipation
95 __100
3
—
— 8.0
90 I/ \ '§
< ©
) // % 6.0
g 85 / o
g —T5V §’ 40 75V
w —12V S — 12V
80 <
E
-]
[<]
75 i 2
0 10 20 30 40 50 60 50 60
Load Current (A)
Output Current Derating for Vertical Version rating for Lay Down Version
60 \\\ \
. %§
2u ] NN
vy \
£ \
[
£ 30
g TBD
g2
10
0
0 20 40 60
Max Ambient Te, ure (°C)
ple and Noi Transient Response
Tek Stop = it
L'
o o~ e
I 1
|' |
r \
|' 1.
_s | 1.
& | s
: T RTTT
w.am\-ﬁ:wme — - = o )] 3.'?-?-‘.'5.-.::.-.\ f;g:::“ wm s LIV 200mV £ 10.0 2 :gi{w:l.:‘s“ [ @\ BEA
B tioney 335 3kbty Lowssignat ampiirade 7™ 32 Apr 2015
12:40:46 10:21:54
Vin = 12V, Iout = Imax Vin = 12V, Iout = 25% Imax—=75% Imax—25% Imax
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TYPICAL OUTPUT CHARACTERISTICS,V_=1.5V

Conditions (Standard configuration unless otherwise stated): T,, = 25°C

Efficiency

Power Dissipation

95

e

B——

Efficiency (%)
& 3
NN
N

—T7 .5V
—]12V

12.0

10.0

©
o

Module Power Dissipation (W)
()]
o

80
75
0 10 20 30 40 50 60
Load Current (A)
Output Current Derating for Vertical Version
N NN
AN
RN

N
o

NN

NN
N\

N
o

Max Current (A)
w
1S}

10

0 20 40 60
Max Ambient Te

ure (°C)

ple and Noi

| [2.00us S00MS/5
Tid e lL+~0.00000 5 10K points

10. 0mVESy @ s oaev
Value Mean  Min Max
@ Peak—Peak  13.08mY 9.731m  1.260m $9.60m  G.188m
Frequency 207.8kHz 2.480M  06.90k  285.7M  5.159M

Vin = 12V, Iout = Imax

TBD

Transient Response

TED

Vin = 12V, Iout = 25% Imax—=75% Imax—=25% Imax
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TYPICAL ON/OFF CHARACTERISTICS

Conditions (Standard configuration unless otherwise stated): T, = 25°C, V, = 1.0V

Enable by input voltage

Disable by input voltage

Enable by CTRL pin

SO0MY 125 5.00 V j[zo.oms J[so.nkszs J[ @ s o400V
Value Mean Min Max Std Dey | W78 2200ms 10k points -

- vax 1.08V 270m =510m 1.0% 1.10
Frequency  ——--.Hz _No period found [ G Apr 2013
08:51:42

Tak Run it Trig? Telk Run i
T — T Y T y T
— | W

Dot ! o

- th.nms. - 'sn.nks;s' '.'1 300V
S1d Dev W+*0.00000 5 10k points
14 1m
G Apr 2015
00:23:41

Disable by CTRL pin

Tk 5to, i

- Max 1013V
Frequency  ————.Hz

2.00ms

(S00ks/% @ v za0v
10k points

- Max 105V 06 1.0%
Frequency  100.0kH? Low reselution

SIDHIIN' Q2 - r . - - 5 - .SD.I]KSIS . a .1..SDI|' SIDHIIN' 20 . 5.00 '.".
Value WK BE00mS 10k points Value Mean min

2 Apr 2015
14:28:33

Max
1.07

W5, 06000ms

J
St Day
12.8m ]

G Apr 2015
00:20:53
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TYPICAL CHARACTERISTICS

Conditions (Standard configuration unless otherwise stated): T,, = 25°C

Efficiency vs. Output Current and Switching Frequency

Power Dissipation vs. Iout and Switching F ency

Ripple (mVp-p)
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MECHANICAL DRAWING (HORIZONTAL, THROUGH-HOLE MOUNT)

units: mm [inches]

tolerance unless specified:

X.X £0.50 [0.02]

X.XX £0.25 [0.01]

(not applied on footprint or typical values)

o ©

18.10[0.71]

® 606 6 6 60 © © © © O ©

% 33.00[1.30] ﬁ

Top View

I O O

0.50[0.020] J‘H H H H H H — —
(14 PLCS) (7 PLCS)
NUMBER | NAME MATERIAL | PLATING
Front View 1A 1B VIN
2A, 2B GND
Recommended keep out
/area for user compgnen 2.30[0.091] 3A, 3B vVouT
4A +S
4B -S
2.25[0.089] S5A VSET
5B VTRK
©1.20[0.047] 6A SLRT
19.10[0.752] ©0.80 (7 PLCS)
S 6B SDA
7A SCL Copper Alloy TBD
38 3A 2B 2A 1B 1A 2.25(0.089] 7B N/C
2.00[0.079] aA
T o O O O O O 8A SA
[ ] N 8B SYNC
2.0 2.80[0.110
(6PLC (5PLCS) =2:30[0.001] 9A PG
Recommended Footprint 9B CTRL
Top View
10A DDC
10B PREF
11 N/C
12 N/C
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MECHANICAL DRAWING (HORIZONTAL, SURFACE MOUNT])

units: mm [inches]

tolerance unless specified:

X.X £0.50 [0.02]

X.XX £0.25 [0.01]

(not applied on footprint or typical values)

A _

18.10[0.71]

®© © © © © ® © © © @ © O ©

I 33.00[1.30] I

Top View

=}

0o ©1.60[0.063 PIN PIN MATERIAL | PLATING
$0.90[0.035] }__ e NUMBER | NAME
(14 PLCS) Front View 1A, 1B VIN
2A, 2B GND
| 3A, 3B VouT
Recommended keep
/area for user compo 2.30[0.091] 4A +S
I 4B -s
I
; @— 5A VSET
|
| 11
! 2.25[0.089] B VTRK
; 6A SLRT
I
| ©2.10[0.083] 6B SDA
19.10[0.752] : / (7 PLCS) 7A scL Copper Alloy TBD
I
| 7B N/C
I
1L0BpOB  8E X 48 —2.25[0.089] 8A SA
2.00[.0 ) < Y \ \ 4@ 3B 3A 2B 2A 1B 1A 8B SYNC
1 @ @ @ @ @ Z 9A PG
9B CTRL
2.00[0.079] 4.20[0.165] 2.80[0.110] P 30[0.091]
cs) (5 PLCS) [ 10A DDC
Recommended Footprint 10B PREF
Top View
11 N/C
12 N/C
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MECHANICAL DRAWING (VERTICAL)

units: mm [inches]

tolerance unless specified:

X.X £0.50 [0.02]

X.XX £0.25 [0.01]

(not applied on footprint or typical values)

AN 5
18.10
® ® ® ® ® ® @
® ® ® ® ® ® © © O © © © ©
33.00[1.30]
Front View Side View
i T S e O O O < W PIN PIN
8.91[0.351] NUMBER | NAME MATERIAL | PLATING
B8 |8(8(8|8 1A 1B VIN
G| o |8| 0|88 |8 2A,ZB GND
3A, 3B VouT
4A +S
©0.80
(14 PLCS) 0120(0.087] 4B -S
IOB.'/Q% SBO 78 / (E'iPLC'S) 5A VSET
2.00[0.079] 8 6 18 14, 5B VTRK
9o1[03%0] | 6A SLRT
2.000.079] 2.80[0.110] 5.80[0.228) 6B SDA | Copper Alloy 8D
(6 PLCS) (5 PLCS) 7A SCL
7B N/C
2.30[0.091] A A
8B SYNC
9A PG
9B CTRL
10A DDC
10B PREF
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EMC SPECIFICATION Output Ripple and Noise

The circuit shown below is used to measure output ripple
and noise. A damped filter is created by the 50 mm

Conducted EMI is measured according to the test set-up

below. The typical fundamental switching frequency is 320 conductor and the two capacitors.
kHz.
Vout o 50 mm conductor _

Tantalum
Conducted EMI +S O——I . Czp:clijtoi
Input terminal value (typical for standard configuration). s ol -
V.=12V,V. =10V, I =1 N

I o (o] MAX GND O —l

Output ripple and noise test se

The following is an e
TBD ripple and nai i e above circuit.

18D

To spectrum
analyzer

RF Current probe

Battery 1kHz — 50MHz

supply

capacitor
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PMBUS INTERFACE

Power Conversion Overview

The NDM3ZS-60 module has several features to enable
high power conversion efficiency. Adaptive algorithms and
cycle-by-cycle charge management improves the response
time and reduces the output deviation as a result of load
transients. The incorporation of DFM enhances the CUI
modules for improved performance.

Power Management Overview

This product incorporates a wide range of configurable
power management features that are simple to implement
with @ minimum of external components. Additionally,

the product includes protection features that continuously
safeguard the load from damage due to unexpected system
faults.

The product’s standard configuration is suitable for a wide
range of operation in terms of input voltage, output
voltage, and load. The configuration is stored in an internal
Non-Volatile Memory (NVM). All power management
functions can be reconfigured using the PMBus interface.
Throughout this document, different PMBus commands
are referenced. A detailed description of each comman
provided in the appendix at the end of this specifi
The ability of CUI modules to digitally control,
monitor OS features provides significant benefits
development, production and the produck

SMBus Interface

compatible with PMBus ve
line to help mitigate limita

require passive
Specification.
rise time

um allowed bus load is 400 pF. The
or should be tied to an external supply voltage
2.5 to 5.5V, which should be present prior

this case, the resistance in the equation above corresponds
to parallel connection of the resistors forming the voltage
divider.

PMBus Addressing
The PMBus address is configured with a resistor connected

between the SA pin and the PREF pin, as shown in
Typical Application Circuit. Recommended resis
are shown in the table below. 1% tolerance r.

date 08/24/2015 | page 18 of 34

required.
R, (kQ) Address
0 (short) 0x26
10 0x19
11 Ox1A
12.1 0x1B
13.3 0x 0x2C
14.7 6 0x2D
16.2 Ox2E
17.8 82.5 Ox2F
90.9 0x30
100 0x31
110 0x32
121 0x33
133 0x34
147 0x35
162 0x36
178 0x37

infinite (open)

served Addresses
Addresses listed in the table below are reserved or assigned

according to the SMBus specification and may not be
usable. Refer to the SMBus specification for further

information.
Address Comment
0x00 general call address / START byte
0x01 CBUS address
0x02 address reserved for different bus format
0x03 ~ 0x07 reserved for future use
0x08 SMBus host
0x09 ~0x0B assigned for smart battery
0x0C SMBus alert response address
0x28 reserved for ACCESS.bus host
0x2C ~ 0x2D reserved for previous versions of the SMBus
specification
0x37 reserved for ACCESS.bus default address
0x40 ~ 0x44 reserved by previous versions of the SMBus
specification
0x48 ~ 0x4B unrestricted addresses
0x61 SMBus device default address
0x78 ~ 0x7B 10-bit slave addressing
0x7C ~ Ox7F reserved for future use
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Monitoring via PMBus

It is possible to continuously monitor a wide variety of

parameters through the PMBus interface. These include, but
are not limited to, the parameters listed in the table below.

Parameter PMBus Command
input voltage READ_VIN
output voltage READ_VOUT

total output current READ_IOUT

controller temperature

READ_TEMPERATURE_1

switching frequency

READ_FREQUENCY

duty cycle

READ_DUTY_CYCLE

highest temperature of power
switches*

READ_VMON

* Reports a voltage level corresponding to the temperature.

See command details in the end of this specification.

Monitoring Faults

Fault conditions can be monitored using the SLRT pin,
which will be asserted low when any number of

pre-configured fault or warning conditions occur. The SLR
pin will be held low until faults and/or warnings are cle
by the CLEAR_FAULTS command, or until the output volta
has been re-enabled. It is possible to mask whi
conditions should not assert the SLRT pin by the

MFR_SMBALERT_MASK.

In response to the SLRT signal, the u
of status commands to find out what

condition occurred, see table

Fault & Warning Statu

STATUS_IOUT

STATUS_INPUT

STATUS_TEMPERATURE

STATUS_CML

STATUS_MFR_SPECIFIC

Output current

Controller temperature
Switching frequency

Duty cycle

Status and fault information

When a fault occurs the Snapshot fu
automatically store this parametric
can then later be read back to vid
for analysis. It is possible to sel hich
store to NVM by the PMBus comma
SNAPSHOT_FAULT_MA

PMBus/I2C Timin

tset t hold

The setup time, t_,, is the time data, SDA, must be stable
fore the rising edge of the clock signal, SCL. The hold

t. .o IS the time data, SDA, must be stable after the
falling edge of the clock signal, SCL. If these times are
violated incorrect data may be captured or meta-stability
may occur and the bus communication may fail. All
standard SMBus protocols must be followed, including clock
stretching. Refer to the SMBus specification for SMBus
electrical and timing requirements.

This product supports the BUSY flag in the status commands
to indicate product being too busy for SMBus response. A
busfree time delay according to this specification must occur
between every SMBus transmission (between every stop

& start condition). The product supports PEC (Packet Error
Checking) according to the SMBus specification.

When sending subsequent commands to the same unit it is
recommended to insert additional delays after write

arameter Capture transactions according to the table below. After read
offers a special feature that enables the user to transactions a delay of 2 ms should be inserted before
ametric data during normal operation by a single accessing the unit again.

mand SNAPSHOT. The following parameters are

° Input voltage
° Output voltage

cui.com
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PMBus Command DZISZi:iZt:;IVZZ:n?::Zre Initialization Procedure
STORE_USER_ALL 100 ms The product follows an internal initialization proced
STORE_DEFAULT_ALL 100 ms power is applied to the VIN pin:
RESTORE_USER_ALL 100 ms
RESTORE. DEFAULT_ALL 100 ms 1. Self test and memory check.
any other command 10 ms 2.

Non-Volatile Memory (NVM) 3.
The product incorporates two Non-Volatile Memory areas for
storage of the PMBus command values; the Default NVM
and the User NVM. The Default NVM is pre-loaded with CUI
factory default values. The Default NVM is write-protected
and can be used to restore the CUI factory default values
through the command RESTORE_DEFAULT_ALL. The User
NVM is pre-loaded with CUI factory default values. The User 5,
NVM is writable and open for customization. The values in RAM i s any previously loaded
NVM are loaded during initialization according to section COMMAND by pin-strap).
Initialization Procedure, whereafter commands can be
changed through the PMBus Interface. The STORE_USER_
ALL command will store the changed parameters to the
User NVM.

ck signal at the SYNC pin and lock
e external clock if used.

(see Electrical Specification), the output voltage
' ' INITIALIZATION i be enabled using the CTRL pin. The product is
Pin-strap resistors ) - - - =22 =EE o= - o ready to accept commands via the PMBus interface,

Default NVM —__ INITIALIZATION
CUI factory default
Write-protected

VIN

User NVM
CUéfac;tory debeaUIt Ready for output
ustomizable Tinr enable and soft-start
b ———— >

VOUT

lllustration Initialization time.
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OPERATING INFORMATION

Input Voltage

The input voltage range 7.5-14V makes the product

easy to use in intermediate bus applications when powered
by a non-regulated bus converter or a regulated bus
converter.

Input Under Voltage Protection (IUVP)

The product monitors the input voltage and will turn-on and
turn-off at configured thresholds (see Electrical
Specification). The turn-on input voltage threshold is set
higher than the corresponding turn-off threshold. Hence,
there is a hysteresis between turn-on and turn-off input
voltage levels. Once the input voltage falls below the
turn-off threshold, the device can respond in several ways
as follows:

1. Immediate and definite shutdown of output voltage
until the fault is cleared by PMBus command
CLEAR_FAULTS or the output voltage is re-enabled.

2. Immediate shutdown of output voltage while the
input voltage is below the turn-on threshold.
Operation resumes automatically and the outputis
enabled when the input voltage has risen above the
turn-on threshold.

The default response is option 2. The IUVP functionycan be
reconfigured using the PMBus commands
VIN_UV_FAULT_LIMIT (turn-off threshald?,
VIN_UV_WARN_LIMIT (turn-on threshold) and
VIN_UV_FAULT_RESPONSE.

Input Over Voltage Protection (IOVP)

The product monitors the input voltage continously and will
respond as configured when\the input voltage rises above
the configured thresheld level (see Electrical Specification).
Refer to section 2Input Under*\/oltagesProtection” for
functionality, response configuration options and default
setting. The IOVP, fun€tion can\be reconfigured using

the PMByYS commands VIN_QV, FAULT_LIMIT (turn-off
threshold), MIN_OV_WARNCLIMIT (turn-on threshold) and
VIN_OV_FAULTAWRESPONSE.

Input and Output Impedence

The impedance of both the input source and the load will
interact with the impedance of the product. It is important
that the input source has low characteristic impedance. If
thelinpat voltage source contains significant inductance,
the addition of a capacitor with low ESR at the input of the
product will ensure stable operation.

External Input Capacitors

The product is a SEPIC-fed-buck converter whichdgives
lower input ripple than a traditional buck conyérter. Thus,
ripple-current-rating requirements for the input capacitors
are lower.

For most applications non-tantalum‘capacitors are preferred
due to the robustness of such capacitorsito accommiodate
high inrush currents of systems being powered from

very low impedance sources. It is recommended to use a
combination of ceramic‘capacitors andlow-ESR electrolytic/
polymer bulk capacitors. Thedow ESR of ceramic capacitors
effectively limits the input rippleyvoltage level, while the
bulk capacitance minimizes deviations in the input voltage
at large load‘transients;

If sevéralhproducts.are connected in a phase spreading
setlip the'amount of input ripple current, and capacitance
per product,‘can be reduced.

Input capacitorS’'must be placed closely and with low
impedance connections to the VIN and GND pins in order to
be effective.

External Output Capacitors

The output capacitor requirement depends on two
considerations; output ripple voltage and load transient
response. To achieve low ripple voltage, the output
capacitor bank must have a low ESR value, which is
achieved with ceramic output capacitors. A low ESR value
is critical also for a small output voltage deviation during
load transients. Designs with smaller load transients can
use fewer capacitors and designs with more dynamic load
content will require more load capacitors to achieve a small
output deviation. Improved transient response can also
be achieved by adjusting the settings of the control loop
of the product. Adding output capacitance decreases loop
band-width.

It is recommended to locate low ESR ceramic and low ESR
electrolytic/polymer capacitors as close to the load as
possible, using several capacitors in parallel to lower the
effective ESR. It is important to use low resistance and low
inductance PCB layouts and cabling in order for capacitance
to be effective.

Dynamic Loop Compensation (DLC)

The typical design of regulated power converters includes a
control function with a feedback loop that can be closed
using either analog or digital circuits. The feedback loop
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is required to provide a stable output voltage, but should
be optimized for the output filter to maintain output voltage
regulation during transient conditions such as sudden
changes in output current and/or input voltage. Digitally
controlled converters allow one to optimize loop parameters
without the need to change components on the board,
however, optimization can still be challenging because

the key parameters of the output filter include parasitic
impedances in the PCB and the often distributed filter
components themselves.

Dynamic Loop Compensation has been developed to solve
the problem of compensation for a converter with a difficult
to define output filter. This task is achieved by utilization of
algorithms that can identify an arbitrary output filter

based on accurate measurements of the output voltage in
response to a very small excitation signal initiated by the
algorithm, or occurring due to the changes in operating
conditions, and automatically adjust feedback loop
parameters to match the output filter.

Details of the algorithm that is used to characterize an
output filter and the different operational modes can be
found in the following sections.

Control Loop
The products use a fully digital control loop that
precise control of the entire power conversion proc
resulting in a very flexible device that i
to use. A non-linear charge-mode co
implemented that responds to output
within a single PWM switching

TBD:
Graph showing recovery at transient for different
Residual settings, for a few different output

space. The algorithm is in '
capacitance setups.

due to a residual sc

Control may b
gain factor, set

ressive by adjusting a
mmand ASCR_CONFIG.
trol effort, will reduce the

V=12 V_ V=1V, load step 25%-75%-25%A, 2 Alus.

on the output. Below graph

on load transient performance when Recovery time vs.control loop residual setting and output capacitance.
By default the product is configured with a moderate gain
setting to provide a trade-off between load transient
performance and output ripple for a wide range of operating
conditions. For a specific application the gain factor can be
increased with an improved load transient response.
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Remote Sense

The product has remote sense to compensate the voltage
drops between the output and the point of load. The sense
traces should be located close to each other and to the PCB
ground layer to reduce noise susceptibility.

In cases where the external output filter includes an
inductor (forming a pi filter) according to the picture below,
the L.,./C.,, resonant frequency places an upper limit on the
controller loop bandwidth. If the resonant frequency is high
the sense lines can be connected after the filter (as shown
in the picture) - if the resonant frequency is low and the DC
drop from L. . is acceptable, sensing before the filter may
be better.

Vout O . YY"
L
CCLL EXT CEXT—— é
GND O T
-S O
+S O

External output filter with inductor (pi filter).

Output Voltage Control
To control the output voltage the following options are
available:

1. Output voltage is controlled through the,CTRL pin.

2. Output voltage is controlled using the PMBus
command OPERATION.

The CTRL pin has an internal40°kQ pull-up resistof to 5 V.
The external device must pfovide a minimum rFequired sink
current to guarantee a voltage not higherythan the logic low
threshold level (see Electrical Characterigtics). When the
CTRL pin is left opén, the voltage generated on the CTRL pin
is5V.

If the deviCe is toibe 'synchronized to an external clock
sourcegthexclock frequencydmust be stable prior to enabling
the output veltage.

Output Voltage Adjust using Pin-Strap Resistor

Using an external Pin-strap resistor, R, the output voltage
can be set to several predefined levels shown in thestable
below. The resistor should be applied between the'VSET pin
and the PREF pin as shown in the Typical Application Circuit.
Maximum 1% tolerance resistors are required.

Ry, (kQ) Vout [V] R&, (kQ) Vout\[V]
0 (short) 1.00 21.5 1.00
10 0.60 23.7 1.05
11 0.65 26.1 1.10
12.1 0.70 28.7 1.15
13.3 0.75 31.6 1.20
14.7 0.80 34.8 1.25
16.2 0.85 38.3 1.30
17.8 0.90 42.2 1.40
1906 0.95 46.4 1.50
infinite (open) 1.20

RSET also sets the'maximum output voltage; see section
Output Voltage Range Limitation. The resistor is sensed
only during the initialization procedure after application of
input voltage. Changing the resistor value during normal
eperation will not change the output voltage.

Output Voltage Adjust using PMBus

The output voltage set by pin-strap can be overridden

up to a certain level (see section Output Voltage Range
Limitation) by using the PMBus command VOUT_COMMAND.
See Electrical Specification for adjustment range.

Voltage Margining Up/Down

Using the PMBus interface it is possible to adjust the output
voltage to one of two predefined levels above or below the
nominal voltage setting in order to determine whether

the load device is capable of operating over its specified
supply voltage range. This provides a convenient method
for dynamically testing the operation of the load circuit over
its supply margin or range. It can also be used to verify the
function of supply voltage supervisors. Margin limits of the
nominal output voltage £5% are default, but the margin
limits can be reconfigured using the PMBus commands
VOUT_MARGIN_LOW and VOUT_MARGIN_HIGH. Margining
is activated by the command OPERATION and can be used
regardless of the output voltage being enabled by the CTRL
pin or by the PMBus.
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Output Voltage Trim

The actual output voltage can be trimmed to optimize
performance of a specific load by setting a non-zero value
for PMBus command VOUT_TRIM. The value of VOUT_TRIM
is summed with the nominal output voltage set by
VOUT_COMMAND, allowing for multiple products to be
commanded to a common nominal value, but with slight
adjustments per load.

Output Voltage Range Limitation

The output voltage range that is possible to set by
configuration or by the PMBus interface is hardware limited
by the pin-strap resistor R.,. The maximum output voltage
is set to 115% of the output value defined by R.... This
protects the application circuit from an over voltage due to
an accidental PMBus command.

The limitation applies to the actual regulated output voltage
rather than to the configured value. Thus, it is possible to
write and read back a VOUT_COMMAND value higher than
the limit, but the actual output voltage will be limited. The
output voltage limit can be reconfigured to a lower value by
writing the PMBus command VOUT_MAX.

Output Over Voltage Protection (OVP)

The product includes over voltage limiting circuitry fon
protection of the load. The default OVP limit is 15%)above
the nominal output voltage. The product can.be configured
to respond in different ways to the output voltage,exceeding
the OVP limit:

1. Immediate and definite shutdown of output/voltage
until the fault is clearéd"by PMBusy,command
CLEAR_FAULTS or the output voltage'is re-enabled.

2. Immediate shutdown of output voltage followed by
continous restart attempts of thé output voltage
with a préset interval (Yhieceup”mode).

The default response_isfoption\2. The OVP limit and fault
responsean be‘reconfigured using the PMBus commands
VOUT_OV_FAULT_LIMIT, VQUT_OV_FAULT_RESPONSE
and OVUV_CONFIG.

Output'Under Voltage Protection (UVP)

The product includes output under voltage limiting circuitry
for protection of the load. The default UVP limit is 15%
below thefmominal output voltage. Refer to section Output
Over \oltage Protection for response configuration options
and default setting. The UVP limit and fault response can be
reconfigured using the PMBus commands
VOUT_UV_FAULT_LIMIT and VOUT_UV_FAULT_RESPONSE.

Power Good

The power good pin (PG) indicates when the product is
ready to provide regulated output voltage to the loads
During ramp-up and during a fault condition, PGfis held
low. By default, PG is asserted high after the®©utput has
ramped to a voltage above 90% of the nominal®voltage,
and deasserted if the output voltage falls'below 85%)0f the
nominal voltage. These thresholds may be changed using
the PMBus commands POWER_GOOD_ON_and
VOUT_UV_FAULT_LIMIT.

The time between when the POWERTGOOD_ON threshold is
reached and when the PG pin is actually asserted is set by
the PMBus comman@POWERAXGOOD_DELAY. See Electrical
Specification for defaultiwalue ‘and,range.

By default the PG piniisieenfigured as an open drain output
but it isq@lso possible to set the output in push-pull mode by
the command USER2CONFIG. The PG output is not defined
dufing rampup of thelinput voltage due to the initialization
of the product,

Over Current Protection (OCP)

The product includes robust current limiting circuitry for
protection at continuous overload. After ramp-up is
complete the product can detect an output overload/short
condition. The following OCP response options are available:

1. Immediate and definite shutdown of output voltage
until the fault is cleared by PMBus command
CLEAR_FAULTS or the output voltage is re-enabled.

2. Immediate shutdown of output voltage followed by
continous restart attempts of the output voltage
with a preset interval (“hiccup” mode).

The default response from an over current fault is option 2.
Note that delayed shutdown is not supported. The load
distribution should be designed for the maximum output
short circuit current specified. The OCP limit and response
can be reconfigured using the PMBus commands
IOUT_AVG_OC_FAULT_LIMIT and
MFR_IOUT_OC_FAULT_RESPONSE.

Under Current Protection (UCP)

The product includes robust current limiting circuitry for
protection at continuous reversed current, due to a
synchronous rectifier ability to sink current. Refer to section
Over Current Protection for response configuration options
and default setting. The UCP limit and response can be
reconfigured using the PMBus commands
IOUT_AVG_UC_FAULT_LIMIT and
MFR_IOUT_UC_FAULT_RESPONSE.
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Switching Frequency

The default switching frequency is chosen as the best
tradeoff between efficiency and thermal performance,
output ripple and load transient performance. The switching
frequency can be reconfigured in a certain range using the
PMBus command FREQUENCY_SWITCH. Refer to Electrical
Specification for default switching frequency and range.
Changing the switching frequency will affect efficiency and
power dissipation, load transient response (control loop
characteristics) and output ripple.

Synchronization

Two or more products may be synchronized with an external
clock to eliminate beat frequencies reflected back to the
input supply rail. Eliminating the slow beat frequencies
(usually <10 kHz) eases the filtering requirements.
Synchronization can also be utilized for phase spreading,
described in section Phase Spreading.

The products can be synchronized with an external oscillator
or one product can be configured with the SYNC pin as a
SYNC output, working as a source of synchronization signal
for other products connected to the same synchronization
line. The SYNC pin of products being synchronized must be
configured as SYNC Input. Default configuration is using the
internal clock, independently of signal at the SYNC pins
Synchronization is configured using PMBus command
MFR_USER_CONFIG.

Phase Spreading

When multiple products share a commen DC input supply,
spreading of the switching clockfphase between the
products can be utilized. Thi§ dramatically. redueé€s input
capacitance requirements and efficiency losses, since the
peak current drawn from the input supply is effectively
spread out over thegWhole switch periodt This requires that
the products arefsynchronized usingsthe SYNC pin.

The phaseoffset isgmeasured from the rising edge of the

applied éxternal clock to thefrising edge of the PWM pulse
as illustratedybelow.

SYNC
clock

| Phase

offset = 60°
—
PWM pulse
(VolV, = 0.165)

lllustration of phase offset.

The phase offset is configured using the PMBus command
INTERLEAVE and is defined as:

Interleave _order
Number _in _groug

Phase _offset(®) =360°x

Interleave_order is in the range 0-15. Numbef.>in_group:
is in the range 0-15 where a value of O,means 16. The set
resolution for the phase offset i§)360° /16 = 22.52.

By default Number_in_group = 0%and Interleavel order

= Four LSB’s of set PMBus address (see section PMBus
Addressing).

Soft-start and Soft-stop

The soft-startfand soft-stop,control functionality allows the
output voltage to ramp=up,and ramp-down with defined
timing with respect to the control of the output. This can
be usedto,control inkush current and manage supply
sequencing of multiple eontrollers.

The rise time“isithe,time taken for the output to ramp to its
target voltage, while the fall time is the time taken for the
output to ramp down from its regulation voltage to 0 V. The
on delaytime sets a delay from when the output is enabled
until the“output voltage starts to ramp up. The off delay
time sets a delay from when the output is disabled until the
output voltage starts to ramp down.

Output
control
On On Off Off
Delay Ramp Delay Ramp
Time time Time Time
VOUT

lllustration of Soft-Start and Soft-Stop.
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By default soft-stop is disabled and the regulation of output
voltage stops immediately when the output is disabled.
Soft-stop can be enabled through the PMBus command
ON_OFF_CONFIG. The delay and ramp times can be
reconfigured using the PMBus commands TON_DELAY,
TON_RISE, TOFF_DELAY and TOFF_FALL.

Output Voltage Sequencing

A group of products may be configured to power up in a
predetermined sequence. This feature is especially useful
when powering advanced processors, FPGAs, and ASICs
that require one supply to reach its operating voltage prior
to another.

VOUT

VouT1

VouT2

Time

Illustration of Output Voltage Sequencing.

Different types of multi-product sequencing ar
1. Time based sequencing. Configuring the s

interface and by connecting t
product to a common enable

of one module to t
the sequence.

. Power Good triggered
flexibility as time based
the PMBus interface

g up shortly after turn-off.
incorporates synchronous rectifiers, but will not

Voltage Tracking
The product j

vouTt Soft-start

ramp time

ime

ponents required. During
oltage follows the VTRK voltage until

MASTER

SLAVE

-

Y

lllustration of Coincident Voltage Tracking.

Ratiometric. This mode configures the product to
ramp its output voltage at a rate that is a
percentage of the voltage applied to the VTRK pin.
The default setting is 50%, but a different tracking
ratio may be set by an external resistive voltage
divider.

VOUT
A

MASTER

SLAVE

»t
>l

lllustration of Ratiometric Voltage Tracking.
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The master device in a tracking group is defined as the
device that has the highest target output voltage within
the group. This master device will control the ramp rate

of all tracking devices and is not configured for tracking
mode. Any device configured in tracking mode will ignore
its soft-start/stop settings and take on the turn-on/turn-off
characteristics of the voltage present at the VTRK pin.

All of the CTRL pins in the tracking group must be
connected and driven by a single logic source. Tracking is
configured using the PMBus command TRACK_CONFIG.

Digital-DC Bus

The Digital-DC Bus, DDC, is used to communicate between
products. This dedicated single wire bus provides the
communication channel between devices for features such
as sequencing and fault spreading. The DDC solves the

PMBus data rate limitation. The DDC pin on all devices in an

application should be connected together. A pullup resistor
is required on the common DDC in order to guarantee the
rise time as follows:

T = Ry CppeS1Hs

DDC

Where R, is the pull up resistor value and C_ is the
loading. The pull-up resistor should be tied to an externa
supply voltage in range from 2.5 to 5.5 V, whic
present prior to or during power-up.

The DDC is an internal bus, such that it is_on
across the modules and not the PMBu
addresses are assigned on a rail leve
the same sequencing group share the

shared with a single DDC
By default the DDC ID is s

to broadcast output voltage
age level over the DDC bus

mand will broadcast the same
DC bus, and other devices on the DDC

The product can be configured to broadcast a fault event
over the DDC bus to the other devices in the group.
When a nondestructive fault occurs and the device is
configured to shut down on a fault, the device will shut

down and broadcast the fault event over the DDC bus. The
other devices on the DDC bus will shut down together if
configured to do so, and will attempt to re-start in_thei
prescribed order if configured to do so. Fault spr
configured using the PMBus command DDC_G
LEGACY_FAULT_GROUP.
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THERMAL CONSIDERATION

General

The product is designed to operate in different thermal
environments and sufficient cooling must be provided

to ensure reliable operation. Cooling is achieved mainly
by conduction, from the pins to the host board, and
convection, which is dependent on the airflow across the
product. Increased airflow enhances the cooling of the
product. The Output Current Derating graph found in the
Output section for each model provides the available output
current vs. ambient air temperature and air velocity at
specified V.. The product is tested on a 254 x 254 mm, 35
pm (1 oz), test board mounted vertically in a wind tunnel
with a cross-section of 608 x 203 mm. The test board has
16 layers.

Definition of Product Operating Temperature

The temperature at positions P1, P2, P3, P4 and P5 should
not exceed the maximum temperatures in the table below.
The number of measurement points may vary with different
thermal designs and topologies. Temperatures above
specified maximum measured at the specified positions are
not allowed and may cause permanent damage.

Note that the max values are the absolute maximum

rating (non destruction) and that the provided Electrical
Specification data is guaranteed up to TP1 = +95°C,

Position Description Max. Temperature
P1 power inductor 125°C
P2 VR controller 115°C
P3 Q1 125¢C
P4 Q2 125°C
P5 Q3 125°C

NDM3ZS-60V /Back Sidé View

NDM3ZS-60V Front Side View

Note that theame PCB isused for the V, HT and HS
versions of thexmodules:

Definition of Reference Temperature T,

Thé temperature at pasition P1 has been used as a
reference temperature for the Electrical Specification data
provided.

Over Temperature Protection (OTP)

The products are protected from thermal overload by an
internal over temperature shutdown function monitoring
the,power inductor or the VR controller. The default monitor
location is the power inductor, the VR controller can be
monitored by use of PMBus commands.

These temperatures are continously monitored and when a
temperature rises above the configured fault threshold level
the product will respond as configured. The product can
respond in several ways as follows:

1. Immediate and definite shutdown of output voltage
until the fault is cleared by PMBus command
CLEAR_FAULTS or the output voltage is re-enabled.

2. Immediate shutdown of output voltage while the
temperature is above the warning threshold.
Operation resumes automatically and the output is
enabled when the temperature has fallen below the
warning threshold, i.e. there is a hysteresis defined
by the difference between the fault threshold and
the warning threshold.

Default response is option 2. The default OTP thresholds
and hysteresis are specified in Electrical Characteristics.
The OTP limit, hysteresis and response for temperature in
position P1 is configured using the PMBus commands
OT_FAULT_LIMIT, OT_WARN_LIMIT and
OT_FAULT_RESPONSE.

cui.com


https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-ProductPage&label=NDM3ZS-60.pdf&path=%2fproduct%2fdc-dc-converters%2fdigital-pol%2fndm3zs-60-series
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-ProductPage&label=NDM3ZS-60.pdf&path=%2fproduct%2fdc-dc-converters%2fdigital-pol%2fndm3zs-60-series
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-HomePage&label=NDM3ZS-60.pdf&path=/
https://www.cui.com/track?actionLabel=Datasheet-ClickThrough-HomePage&label=NDM3ZS-60.pdf&path=/

Additional Resources: Product Page

CUlInc | MODEL: NDM3ZS-60 | DESCRIPTION: AUTO COMPENSATED, DIGITAL DC-DC POL CONVERTER

date 08/24/2015 | page 29 of 34

PCB Layout Considerations

The radiated EMI performance of the product will depend on
the PCB layout and ground layer design. If a ground layer is
used, it should be connected to the output of the product
and the equipment ground or chassis.

A ground layer will increase the stray capacitance in the PCB
and improve the high frequency EMC performance.

Further layout recommendations are listed below.
. The pin strap resistors, RSET, and RSA should be

placed as close to the product as possible to
minimize loops that may pick up noise.

. Avoid current carrying planes under the pin strap
resistors and the PMBus signals.

. The capacitors CIN should be placed as close to the
input pins as possible.

. The capacitors COUT should be placed close to the
load.

. The point of output voltage sense should be “down
stream” of COUT.

. Care should be taken in the routing of the
connections from the sensed output voltage to th
+S and -S terminals. These sensing connectio
should be routed as a differential pair, preferably
between ground planes which are not c i
currents. The routing should avoid areas
electric or magnetic fields.

. If possible use planes on sever;
VIN, VOUT and GND. There s
number of vias close to the
pads in order to lower.
and improve heat s
and the host boar
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SOLDERING INFORMATION - Surface Mounting
and Through-Hole Mount Pin in Paste Assembly

The surface mount product is intended for forced convection
or vapor phase reflow soldering in SnPb or Pb-free
processes. The reflow profile should be optimised to avoid
excessive heating of the product. It is recommended

to have a sufficiently extended preheat time to ensure

an even temperature across the host PWB and it is also
recommended to minimize the time in reflow.

A no-clean flux is recommended to avoid entrapment of
cleaning fluids in cavities inside the product or between the
product and the host board, since cleaning residues may
affect long term reliability and isolation voltage.

Gene;:;:;:lcc;\:t\;op;:cess SnPb eutectic | Pb-free
average ramp up (T,.opucr) 3°C/s max 3°C/s max
(|iqTJIi'¢ij:)l igﬁ;rr:ﬂtg%m 183°C 221°C
Minimum reflow time above T, 60s 60s
Minimum pin temperature (T,,,) 210°C 235¢°C
Peak product temperature (T,.50cr) 225°C 260°C
Average ramp-down (T, ooucr) 6°C/s max 6°C/s'max
Maximum time 25°C to peak 6 minutes 6 minutes

Temperature

Teropuct Maximum —
[ Tp minimum 7 \\ Pin
// \ profile
- \
\/
Product

~ rofile
~ p

Time in preheat
{isoak zone

s le— -

— Time 25°C't0 peaki=—=>

Time

Minimum Pin Temperature Recommendations

Pin number2B, is chosen' as reference location for the
minimum pin temperature recommendation since this will
likely be the coolest solder joint during the reflow process.

SnPb solder processes

For, SnPb solder processes, a pin temperature (T,,) in
excessof the solder melting temperature, (T, 183°C

for SN63Pb37) for more than 60 seconds and a peak
temperature of 220°C is recommended to ensure a reliable
solder joint. For dry packed products only: depending on
the type of solder paste and flux system used on the host

board, up to a recommended maximum temperature of
245°C could be used, if the products are kept in a controlled
environment (dry pack handling and storage) prior_to
assembly.

Lead-free (Pb-free) solder processes

For Pb-free solder processes, a pin temperature (T, in
excess of the solder melting temperature (T 4217 to
221°C for SnAgCu solder alloys) for more than 60 seconds
and a peak temperature of 245°€ on allsolder joints’is
recommended to ensure a reliable solder joint.

Maximum Product Temperature Requirements

Top of the product PWB near pin 10A is chosen as reference
location for the maximum (peakhallewed product
temperature (Masspycr) SiNCe this will likely be the warmest
part of the product during,thereflow process.

SnPb(solder processes

Fof SnPb salder processes, the product is qualified for MSL
1 according to . IRC/JEDEC standard J-STD-020C. During
reflow T,..,,cr Must not exceed 225 °C at any time.

Dry Pack Information

Productstintended for Pb-free reflow soldering processes are
delivered in standard moisture barrier bags according to
IPC/JEDEC standard J-STD-033 (Handling, packing, shipping
and use of moisture/reflow sensitivity surface mount
devices). Using products in high temperature Pb-free
soldering processes requires dry pack storage and handling.
In case the products have been stored in an uncontrolled
environment and no longer can be considered dry, the
modules must be baked according to J-STD-033.

Thermocoupler Attachment

(= =)
(= =)
e 0o
e 0
e 0o
@ o

© © © © ©

l»©® O

/@

Pin 2B for measurement of minimum
Pin (solder joint) temperature, Ten

Top of PWB near

Pin 10A for measurement

of maximum product temperature,
TPRODUCT
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SOLDERING INFORMATION - Hole Mounting Tray Specifications
The hol ted duct is intended f lated th h material antistatic PS
moun r is inten r r
€ hole mounted product 1S ended for plate oug surface resistance 10* < Ohm/square

hole mounting by wave or manual soldering. The pin
temperature is specified to maximum to 270°C for
maximum 10 seconds. A maximum preheat rate of 4°C/s
and maximum preheat temperature of 150°C is suggested. box capacity
When soldering by hand, care should be taken to avoid tray weight
direct contact between the hot soldering iron tip and the
pins for more than a few seconds in order to prevent

bakeability
tray thickness

overheating.
A no-clean flux is recommended to avoid entrapment of
cleaning fluids in cavities inside the product or between the
product and the host board. The cleaning residues may
affect long time reliability and isolation voltage. Q\
b
Delivery Package Information r"@ o
The products are delivered in antistatic trays and in
antistatic carrier tape (EIA 481 standard). & i AD
Carrier Tape Specifications i =
material antistatic PS : (% i Ap
surface resistance 10° < Ohm/square < 10%° : 1 s
bakeability the tape is not bakeable : -t : 7 fi—d | i &
tape width, W 56 mm [2.20 inch] n %: o /% n ru@
pocket pitch, P, 32 mm [1.26j . i » . @
pocket depth, K, 13 mm [0.51 in _.ﬁ_ _____ 7%_‘ H_ _____ 7%_@ ______ ﬁtT m
reel diameter 381 mn inch] | in u| {5 "
reel capacity f : 7 : ©
reel weight A %! n & A {Jp "
I ] Bt
[=s]
b

34.2+0.15

BE. 4201
T3

o |k

i
ML%::? ‘?uﬂll

A : |
$:919-4-9-4-4-0-6-Sd--d0-00-ddy ———

TN
3 _ 3210.1 i
g
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PRODUCT QUALIFICATION SPECIFICATIONS

Characteristics

External visual inspection IPC-A-610

Change of temperature

(Temperature cycling) IEC 60068-2-14 Na

Temperature range
Number of cycles
Dwell/transfer time

-40 to 100°C
1000
15 min/0-

Temperature TA

Cold (in operation) IEC 60068-2-1 Ad Duration
Temperature
Damp heat IEC 60068-2-67 Cy Humidity
Duration
Dry heat IEC 60068-2-2 Bd Eemp‘?rat”re
uration
Electrostatic discharge IEC 61340-3-1, JESD 22-A114 Human body model (
susceptibility IEC 61340-3-2, JESD 22-A115 Machine Model (MM)
Water

Immersion in cleaning solvents IEC 60068-2-45 XA, method 2 Glycol ether

Isopropyl alcoh

Mechanical shock IEC 60068-2-27 Ea

Moisture reflow sensitivity* J-STD-020C

Operational life test MIL-STD-202G, method 108A
Resistance to soldering heat? IEC 60068-2-20 Tb, meth

IEC 60068-2-21 Test Ual

Robustness of terminations IEC 60068-2-21 Test.Uel

IEC 60068-2-58 tes

Solderability

Preconditioning

mount products All leads
All leads
150°C dry bake 16 h
erature, SnPb Eutectic 215°C
Temperature, Pb-free 235°C

Steam ageing

Vibration, broad band random

Temperature, SnPb Eutectic 235°C

Temperature, Pb-free 245°C

Frequency 10 to 500 Hz

Spectral density 0.07 g2/Hz

Duration 10 min in each direction

Notes: 1. Only for products intende
2. Only for products_intendeg

36 nFailures/h
7 nFailures/h
27 Mh

% confidence level 22 Mh

rface mount products).
ated through hole products)
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Compatibility with RoHS Requirements

CUI NDM modules are compatible with the relevant clauses and requirements of RoHS directive 2011/65/EU. They have a
maximum concentration of 0.01% by weight of cadmium and 0.1% by weight in homogeneous materials for lead, .mereury,
hexavalent chromium, PBB and PBDE.

The Statement of Compliance document notes exemptions to the RoHS directive present in CUI Novum modules.

CUI Novum modules meet and will continue to meet the obligations under regulation (EC) No 1907/2006 addressing the
registration, evaluation, authorization and restriction of chemicals (REACH) as they become applicable.,”CUI will utilize,the
product materials declarations to communicate information on substances in the products.

Quality Statement

High quality of CUI products are achieved through conservative design rules, numerous design reviews and product
qualifications. Products are designed and manufactured with a philosophy where quality,systems and ‘methods such as ISO
9000, Six Sigma and SPC are employed to ensure continuous improvements. Modules with,early failures are screened out
and parts are subjected to ATE-based final testing.

Warranty
Explanations of warranty period and conditions can be found in the CUI Modules General, Terms and Condition of Sale.

Limitation of Liability

CUI Inc does not make any other warranties, expressed or impliedgincluding any watrant of merchantability or fitness for
a particular purpose (including, but not limited to use in life support applications, where malfunctions of product can cause
injury to a person’s health or life).

The information and specifications in this technical document are believed to be correct at the time of publication. However,
no liability is accepted for inaccuracies, printing errors orfor any consequences thereof. CUI Inc reserves the right to
change the contents of this technical specification at any time without prior notice.

© CUI Inc 2015

Safety
CUI NDM modules are designed in accérdance with,safetyistandards IEC/EN/UL 60950-1 Safety of Information Technology
Equipment.

On-board DC/DC converters andfDC/DCregulators/are defined as component power supplies and thus cannot fully comply
with the provisions of any safety requirements without “conditions of acceptability”. Clearance between conductors and
between conductive parts of the component power supply and conductors on the board in the final product must meet
the applicable safety requirements. Certaih conditions of acceptability apply for component power supplies with limited
stand-off (see Mechafical Information and Safety Certificate for further information). It is the responsibility of the
installer to ensurethat the final preddct housing these components complies with the requirements of all applicable safety
standards and fegulations'for, the final product.

CUI NDMgimodulestare certified in accordance with EN 60950-1 and UL 60950-1 recognized. All parts of the CUI NDM
modules meet the flammability rating requirements for V-0 class material according to IEC 60695-11-10, Fire hazard
testing, test'flames - 50°W horizontal and vertical flame test methods.

A'slow blow fusetisifecommended to be placed at the input of each DC/DC converter. The fuse should be placed in front
of the input\filterdif such a filter is used. The fuse will provide the following functions in the rare event of a component
problem that imposes a short circuit on the input source:

e Isolate the fault from the input power source so as to isolate the fault from the other parts of the system

¢ Protect the distribution wiring from excessive current thus preventing hazardous overheating

The DC/DC regulator output is SELV if the input source meets the requirements for SELV circuits according to
IEC/EN/UL 60950-1.

cui.com
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REVISION HISTORY

rev. date

1.02 08/24/2015

The revision history provided is for informational purposes only and is believed to be accurate%Q

Headquarters

20050 SW 112th Ave. Fax 503.612.2383
Tualatin, OR 97062 cui.com
800.275.4899 techsupport@cui.com

CUI Novum products use patented technology licensed from Power-One.
CUI Novum products use technology covered under US patents 7,777,458 and 7,812,577
All other trademarks are the property of their respective owners.

CUI offers a two (2) year limited warranty. Complete warranty information is listed on our website.

CUI reserves the right to make changes to the product at any time without notice. Information provided by CUI is believed to be accurate and reliable. However, no responsibility is
assumed by CUI for its use, nor for any infringements of patents or other rights of third parties which may result from its use.

CUI products are not authorized or warranted for use as critical components in equipment that requires an extremely high level of reliability. A critical component is any component of a
life support device or system whose failure to perform can be reasonably expected to cause the failure of the life support device or system, or to affect its safety or effectiveness.
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