DC-DC Converter Testing
with Precision Bench SMUs




Agenda

 What is a DC-DC Converter & how does it
work

* What are the key challenges of testing a
DC-DC Converter

* How to accurately validate & characterize
* Real-world case study

» Solutions available
* Summary p— M —
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DC-DC Converter

Iout
>

V... I V
‘ Power ——_" DC-DC out Load
Source Converter

» Converts one DC Voltage to another

\Y4

» Efficiently regulates a power source to achieved required output
Voltage & Current

* Smoothens voltage, eliminates noise and isolator.
* And more...
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DC-DC Converter

Vin Vout
A Voltage from outlet A
220V~ -~ after AC-DC converter
N
1.5V
wge from battery 1.2V
time > time
1.2V
—— DC-DC Converter A Communication circuit
Outlet 18V
»—— DC-DC Converter B Sensor circuit
09V —
Battery — DC-DC Converter C Control circuit

KEYSIGHT

TECHNOLOGIES




DC-DC Converter

WHERE IS IT USED

Key Applications & Industries
« Automotive (Electric Vehicles)
« Aerospace

* Internet of Things (Smart

ol devices)
F a3 . Renewable Energy (Solar &
e Wind)
— . Medical Health
 And more..
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Objective of Measurement/ Validation

WHAT MAKES A “GOOD” DC-DC CONVERTER

 Designing a circuit fundamentally start with a

good power source.

« DC-DC Converters (power source) are
measured and validated to ensure stable
performance for your design.

» Datasheets of a DC-DC Converter provides
data & specification under typical condition.

* As the V;,,, I;;, and I,,; are dependent to the
circuit, the actual output voltage (V,,;) may

differ from datasheet.
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78xxSR Series Datasheet (Murata)

Medats TEOISA-C  TEOSSA-C  THIZSA-C
Output Yoltage +3.3Ydc +5.0de +120%de
Rated Output Current (Y ey 0.4k
Dutpul Valbags Accuracy 2% % 2%,

Inpun Veltage Range o7 E5-38VEe #7.5-38Vde  +15-36Vde
Line Regulation {1007 load) 20.3%, 07% 0T
Load Regulation (0-100% load) £, 2% ) 2% =02%
Callescont Currant A hp,, Simul mak,

Input Current Sae Perlormance Curves
Efficlency Ses Perlammance Curves
Transhant !-:'h;spmse Sae Perlommance Curves

Ingin & Dutpart Nolse Sae Perlrmance Curves

Shart Circull Protection = Conlinucus
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Ovarvollage Prolection Mang

Undervoliage Protection Mane

Power | Vin Iin DC-DC Vout
‘ Source Load

Converter

/ Typical Performance

TBOASRH-C | Vin= 12V ILoap = 500mA

[CHi-vin Somviaw ® | T ] T ]

| EH2: Voul, 10mVidiv.|
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Key Characteristics & How to Validate

Features of DC-DC Converter Ideal Actual Impact

Key Characteristics

Output current Output Voltage
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Vour Can vary due to Malfunction and * Load Regulation
High Output Voue always the DC-DC  Line Regulation
s . performance .
Stability constant. Converter’s internal : e Load Transient
o degradation
CerUItry. Response
No power . . ..
Low Power P . . __|Conversion Shorten battery |* Conversion Efficiency
. consumption during : )
Consumption “sleep’ consumes power. life & waste  Quiescent Current
Load Requlation Line Regulation Load Transient Conversion Efficiency Quiescent Current
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; 3.96 i 3.285 \-\ g 0.10 3.27 g . 77 33.1-5
£ 324 8 328 0.00 3.25 75 T 31
(@) 0 0.2 0.4 8 8 13 18 0.00 0.50 1.00 1.50 2.00 8 13 18 8 13 18
Output current Iout[A] Input voltage Vin [V] Time [ms] Input voltage [V] Input voltage Vin [V]




Load Regulation

OUTPUT STABILITY

* The ability to maintain a constant output
voltage despite changes the load current.

{Load Regulation = 2mex=Ymin y 10q }

norm

 Why Important?

 Devices requires a stable supply of voltage in
various operation mode which drives different load

current.
 Measurement Instruments

DC Power source Electric Load
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Power

Source Load
In DC-DC Out I—
Converter . Tout
. out
— Vi, GND C\D
3.36
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o
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O Load regulation = 0.79%

3.24

0.1 0.2
Output current lout[A]
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Line Regulation

OUTPUT STABILITY

 The ability to maintain a constant output
voltage despite changes the input voltage.

AVouty 100
* Line Regulation [%/V] = V‘”XV—_
* Line Regulation [%] = % x 100

 Why Important?

« Ensuring output voltage remains stable despite
changes in the power source.

 Measurement Instruments

F — ."\:' i B -.- -\—_ =
i -_:::t
\ s =
- r
— oo |

DC Power Source Electric Load
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Power
Source Load

In DC-DC Out —
Converter
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Load Transient Response
OUTPUT STABILITY

Power
- The ability to maintain a constant output Source Load
: : In  DC-DC  Out —
voltage despite the sudden change in load
Converter
current. L GND Vour | Moue
T  Vin
* Why Important? CV)
* When load rises suddenly from sleep mode, the
output voltage may dip (or rise) promptly before \V4
stabilizing. The amount of time for out to stabilize
is the response time calculated. o v ||
0.50 3.35
* Measurement Instruments = a0 333 =
- % 0.30 331 ng
i 7 | S S
| === it 0.10 3.27
DC P S L W 0.00 3.25
ower source EleCtriC Load OSCillOSCOpe 0.00 0.50 1.-00 1.50 2.00
Wlth PUISe Capablllty = Qutput currentTlme [mS]—Output Voltage
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Conversion Efficiency

POWER CONSUMPTION

The ratio of “inout out " Power Load
° € ratio or Input over output power Source
p— — In DC-DC Out —
Efficiency n = ~——P-—"_ — Jout "out Converter
input power Vin Iin GND Vout Tout
« Why Important? v C\D
. . . , in
 High efficiency ensures no power wastage during
operation. VA
* Measurement Instruments
89
'_|87
R = 85
I’ — [ Lo00. 10000 " :- 583
] - 60,000, BOO0OD - c
I 0 Rl 5.
L322 o) oo e ] G
DC Power Source Electric Load Current Meter Z
with Pulse Capability 8 10 12 14 16 18 20
Input voltage [V]
—oad -500 mMA =—load -200 mA
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Quiescent Current (l,)

Power

« The current required to power the DC-DC Source n De.De | Out Load
Converter’s internal circuitry when the I;,,4 IS ) €
: Converter
zero (Ip = I;, @ Load in Standby Mode). Vout
Vin GND <V>
 Typical Value: nA - mA
« Why Important? €
 The lower [, is required to increase battery life of V
devices, such as smart watches, spending their s
time in standby mode. Y lour =0 A
S
':3.35
» Measurement Instruments = s
. - s 3 %3.25
| =2== o0 E3.15
DC Power Source | l%‘_EI'e:cl:tric Ld'adgl- _- Current Meter > 8 10 12 14 16 18 20

with Pulse Capability Input voltage Vin [V]
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Key Challenges of DC-DC Converter Testing?

Involve several different instruments!!! Multimeter Electric Load
« DC Power Source capable of sweeping voltage P =

DC-DC | -.'_il.'_||'||'_||'| T
Converter

e

* Multimeter capable of measuring nA of quiescent -

current

* Electric Load to emulate an actual load e e
 Oscilloscope for measuring transient response DC Power Source

Oscilloscope

s =4

v

Complicated Wiring Develop Test Programs ) Occupy large space
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Case Study: DC-DC Converter in Solar Cells

KEYSIGHT DC-DC Converter Testing with Precision Bench SMUs
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What is a Solar Cell?

A 4

L= O ¥ %=,

o I i Tel| Single Solar Cell
Convert light into electricity Sing | 'yf L+ _1
S

gt

« Work as Current source Rioaa v
under constant light exposure.
| I
» QOutput current depends on the load current Equivalent circuit
because the current divides to the diode, shunt
resistor and load.
Under illumination Actual operating point is
‘ A operated by MPPT.
» |-V characteristics can be determined by sweeping Strongefht\i I  Load line
the load (i.e. change load resistance gradually)
Dark current —
« MPPT algorithm of DC-DC converter decides el \
the operating point to maximize the output power, _ L -7 .y
P=IV. N

I-V curve
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DC-DC Converter in Solar Cell

Solar Cell

5C.DC 33V u
Converter

MPPT

G N IS IS D S e e e e ..

« To supply constant voltage to load
« To maximizes the energy that solar cells generates (Maximum Power Point Tracking; MPPT)

KEYSIGHT

TECHNOLOGIES




Key Parameters

WHAT IS MEASURED?
I [mA]

Area S,
AVsc
Parameters Symbol Unit Description /
Short circuit current I [A] the current through the solar cell at V =0
(i.e. road resistance is 0)
Open circuit voltage Ve \ the voltage across the solar cell at 1 =0
(i.e. road resistance is «)
Maximum power Prax W] the condition under which the solar cell generates its
Point Lnax [A] maximum power; the current and voltage in this condition
Viax (V] are defined as I,,,4, and V., (respectively).
Fill factor FF - The closer to 1, pp o Pmax S8 0 IV curve Voe " V]
the more power is extracted. Voe XIge Sy
Conversion efficiency n [%] The power conversion efficiency , _ Prnax P=1V
Of 1 Se" or panels IHPUt power Of hght [W] Pmax “. ....................................................
Shunt resistance Rgp, Q] Ry, accounts for stray currents. R AVsc
The larger Ry, the higher the efficiency. sh Al
Series resistance R [Q] Bulk resistance of solar cells. R AVpe
The smaller R, the higher the efficiency. s Al
» Key parameters decides the performance of solar cells. : >V
0 v V]
P-V curve Vmax Vic

« Key parameters are extracted from type- I/V curve.
* Precise measurement and analyses key parameters as essential.
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Solar Array IV Curves

These two distinct curves provide the variables needed to create an accurate simulation of solar cell
output. A mathematical approximation of the curves includes four key parameters:

Solar Array IV Curves

6 180
Isc: Short-circuit current. I |-V (-Pmp
1 160
> —
............ sessnedessensnnnpesnsnsnsnpassnssnnoeenopfoncdansanes ' 1 ]_-m
Imp: Current at the max power. . - / \\
4 // ; 120
< PGWE"/ \ Ying
s 3 : e
£ / : o 2
& / : o
. V..  Open-circuit voltage 60
Vi Maximum-power point voltage : _
le  Maximum-power point current : 1 40

—_—

. Short-circuit current

I I I I § 1 i”
/ Pny  Maximum-power point Y V
mp =
0 | | | | : 0

c
0 5 10 15 20 25 30‘35 40 A45 50
(v)

Voltage

Vmp Voltage at the max power Voc: Open-circuit voltage.
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A solar array’s |-V and power curves vary with irradiation level

Output current varies dramatically with irradiation level. In contrast, the change in output voltage
versus irradiation level is relatively small compared to the change in output current.

Solar Array IV Curves
180

1000W/m*

160

140

120

—
=
=

80

Current (A)
Power (W)

60

: 40
Large change in |,

Small change in V, 20

0 5 0 15 20 25 30 3 40 45 50
Voltage (V)
The family of power curves shows the decrease in available power at decreased irradiation
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Key Challenges of Solar Cell Testing?

Measure current at the same time
of sweeping source voltage

Need high resolution
at the measurement of dark current
I [pA]

» e.g. Accurate shunt resistance
R = 1
Sh= " d1/dv
KEYSIGHT
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Measurement speed and
accurate evaluation of |-V curve is trade-off.

Sweep: 5s Sweep: 50 s
I I
A A
AV= 300 mV AV=30mV |
sy O

A lot of effort to set measurement parameters and

calculating each key parameter

P,
Voc Ig¢ FF = 4%
Voc X I
AV. AV
R~ — sc R~ — oc
Al Al

v




Application test (Solar Cell IV Fwd) example

Solar Cell IV Fwd makes a forward biased |V measurement and estimates the basic static parameters
of the solar cell, such as Isc, Jsc, Voc, Pmax, Imax, Vmax, FF, n, Rsh and Rs.

Solar Gell IV Fwd

EasyEXPERT

Edit  Yiew Marker Cuorsor Line Text Pomter Window  Help

- @ CRHEB% E -V 27

Setup Name: ]Sl:ular Cell 1% Fwid

¥-¥ Graph Plot Properties... | Parameters
7% Agilent ~
: MARKER( 1,3000000000E+000 %  4.5522600000E-002 &  5,3179380000E-002 Wy ) Prias |59 e =
60m | mom
Ijigychol Intercept: ki Ymax 130000y
39,0241 & EC.0E2 il | :
aradient: Gradient: o0 m =
-2 F1ZREOE-003 B AN Imax Eg.l?gﬁl i,
mm =
i Isc 54,6883 ma
S0m
; Isc 145835 ma/(cm
40 m
= 0m Yoo 159995
=2 wm =
5 el ) [.879251 4
L L =
Intercept: 143396 4 =
i} ribercept 4 ;I‘ 5 il CE b.DED?‘}E?
0 200m  400m 600 m 200 m l 1.2 14 In 17 W
Wsclar (V) 200 m foiv LS | ¥
| List Display Properties...
I
Index ] Yaolar i Lsolar 1 Poweat ] Jsolar j ~
23 1.200000000 450020 ma 5771040000 md 1.282453333 m...
KEYSIGHT 26 1.250000000 W 470624 ma 5382800000 myw  1.254997333 m... -
TECHNOLOGIES |27 1.300000000 4 455226 ma 5917933000 my  1,213935000 m...
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Application Solutions




B2900B/BL Series Precision Source/Measure Unit

A COMPLETE ONE BOX TEST SOLUTION

mmmm DBroad Application Coverage By A Single Instrument

* Integrated 4-quadrant source/measure capabilities
« Wide output range up to 210 V, 3 A(DC), 10.5 A(Pulsed)

Level and Pulse/Transient Measurements

 6.5-digit high resolution down to 10 fA and 100 nV
« 10 us high speed digitizing capability

Low-

m Reduces Test Time

» Fast sweep measurement

mmmm Mprove R&D Efficiency

” . . . . 2 & 4-wire Triaxial Adapter A
- Intuitive graphical user interface for a quick benchtop testing, debug, wire ”e(‘gstion:l‘; er Accessory

and characterization

“The B2900 Graphical SMU resolves precision measurement challenges and
improve test efficiency from lab to manufacturing for a wide range of

applications at the best-in-class cost performance o
KEYSIGHT
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What is a Source/Measure Unit (SMU)?

An SMU integrates the following capabilities

- i
into each channel: goavatae Ammeter
ource W N
* Four-quadrant (+ & -) voltage source : | \
« Four-quadrant (+ & -) current source - S .
* Voltage Meter @\ _ oo iow s
¢ CU rrent Meter F\\ Chassis Ideal Current Volm:eter
Ground Source

DC or pulsed’

Here are the two most common modes of operation:

VFIM (Force voltage & measure current) IFVM (Force current & measure voltage)
KEYSIGHT
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Sense Terminal

4-WIRE CONNECTION

« 2-wire connection (non-Kelvin connection) -+ 4-wire connection (Kelvin connection)

* Due to voltage drop by cable resistance r, « Can measure voltage without voltage drop by
« applied voltage V,,r deviates from measurement cable resistance ACh1 Sems  Fowe  Gud
voltage V,,045- - H‘Ih‘ - C
O/ —
« Measurement resistance includes the cable resistance. ( &

mm‘z . !Z'IW P r!ﬁl'l'lll"lx-F

@m0 -0 (O)
Lo w "L

B2900B/BL B2900B/BL
I High Forie /\/’i/ I High Forie /\/7;/

High Sense T

High Sense 1
Imeas@ < /\/\/ |
DUT ” DUT
VDUT meas VDUT

Low Force Rpur | Low Force . | Rpyr
—\W
Low Sense T Low Sense r

©
=— ©—m=—\\—

Vset —

o~
8
|
1
R CRO) @
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Benefit synchronizing source and measurement

* Feedback mechanism  Limit (compliance) feature prevents
stabilizes voltage and current sourcing device damage
« Example: VFIM
» Sweep Voltage from OV to 10 V

Feedback * Measure current
» Set current compliance at 10 mA
I |+ 11 ' Stop sweeping
I 1] l 4.00
I | I : 3.50 \
O—vt 0~ O—<High Force S
| I -6'3.00
I 1] | & 250
L S . _ N/ | 2 2.00
A . 0/ Low Force 8 1.50 —
/ / §1.oo Sudden increase in current
0.50
Source block Measurement block 0.Ooo.oo 0.20 0.40 0.60 0.80 1.00
Time [ms]

—@— source voltage —@— measurement current
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1.20

14.00
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4.00
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-2.00

Measurement current [mA]




B2900B’s All-in-One Test Solution for DC-DC Converter

A single instrument to address all

testing needs:
» Load Regulation
 Line Regulation
* Load Transient Response
» Conversion Efficiency
* Quiescent Current

1. B2902B/B2912B synchronizes two channels
having:
* Voltage/Current Source
« Voltage/Current Meter
Ch1 works as a DMM and DC power source
Ch2 works as an electric load.
2. Front panel graphical display and software

allows easy parameter measurement &
calculation.
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Front (Ch1)

Front Panel
Graphical Display

DC-DC
Converter

- Current source
- Voltage source
- Current meter
- Voltage meter

EasyExpert
Group+

Rear(Ch2)

Quick IV




B2900B/BL’s Solutions for Solar Cell Testing

n Each channel has both Voltage/
Current Source and Meter function

Minimum 10 fA resolution
enables dark current measurement

KEYSIGHT
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E List Sweep feature allows both the fast measurement and
accurate analysis

Sweep: 10 s Sweep: 50 s

AV= 30 mV

AV=600 my AV=30 mV

1,y 0

v
<

Front panel graphical display and software allows
easy parameter measurement & calculation

Front Panel EasyExpert Group+ Quick IV
Graphical Display
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