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Description

This demonstration circuit showcases a dual output
switching power supply. Using a 12V/5V input, two
non-synchronous buck controller channels are used to
provide separate 3.3V and 2.8V outputs, each capable
of supplying 7A. The CS5127 controller IC features the
proprietary V2™ control architecture, and provides the
fastest transient response available to date in a switch-
mode power supply. Use of a single controller IC
reduces component count. Additionally, the fixed fre-
guency architecture makes noise minimization easier,
since both outputs have the same switching frequency.

An external current limit circuit is added in this design.

The current limit circuit requires a dual comparator,
two capacitors, two PNP transistors, fourteen resistors
and two current sense elements. These current sense
elements may be high power, low value resistors or
they may be fabricated using PC board metal traces.
The demonstration circuit included in this note uses
embedded PC traces as the sense elements.

Design of the CS5127 was completed with the goal of
putting performance and value in the hands of every
power supply designer. The external components and
printed circuit board layout contained in this demon-
stration note are optimized for computer motherboard
applications. This dual controller is a cost-effective
solution for providing Vcore and Vg power solutions
in computing applications using a single controller.

V2 is a trademark of Switch Power, Inc.

Features

< Nonsynchronous buck design

= V2™ control topology

= 100ns transient loop response

= 200kHz oscillator frequency

= 55ns typical gate rise and 38ns typical gate fall times

= ENABLE input controls channel 2 gate driver

= External current limit circuit

* Vrer pin provides up to 10mA of current to power
external circuitry
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Application Diagram
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Demonstration Board Description
The CS5127 Demonstration Board is a 7" by 6", two- load (3.5A) DC or full load (7.0A) DC. A transient test is
layer printed circuit board holding both the dual sup- also possible, where the load current steps from mini-
ply and the test circuitry for the supply. The dual sup- mum load to half load or from half load to full load.
ply occupies an area about 2.5" by 3.5"including the Finally, a short circuit test is included. BNC connectors
current limit circuitry, and the test circuitry fills the rest allow the output waveforms to be viewed with mini-
of the board. The test circuitry is capable of exercising mum noise pick-up. Standard oscilloscope probes are
the dual supply in a number of ways. Each output used to measure all other waveforms.

channel can be run at minimum load (70 mA) DC, half

Application Interface Diagram
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Absolute Maximum Ratings

Pin Name Maximum Voltage Maximum Current
+5V +6V/-0.3V 20A (DC)
+12v +15V/-0.3V 100mA (DC)
3.3Vour +5V/-0.3V 10A (DC)
2.8Vour +5V/-0.3V 10A (DC)

Electrical Characteristics: 0°C < Tp £50°C, 4.75V < +5V £5.25V, 11.8V < +12V < 13.2V,

I1(+5V) = 1A (both channels at minimum load), Unless Otherwise Specified

Parameter Test Condition
3.3V Output
DC Output Voltage 500mA < Igyr £ 7A 3.23 3.30 3.37 Vv
AC Voltage Regulation 3.5A load step, scope bandwidth at 20MHz 80 mV
Load Transient Response IsL ew = 15A/ps, 100Hz TO 100kHz 10 s
3.5A load step, scope bandwidth at 20MHz
Measure time 3.3Vt exceeds DC limits
when 500mA to 3.5A or 3.5A to 7A transient is switched.
Ripple and Noise 500mA < lgyt < 7A, scope bandwidth at 20MHz 40 50 mVp.p
Load Regulation (DC) 500mA < lgyt < 7A 11 20 11\
+5V Line Regulation 4,75V < +5V £ 5.25V 2 15 mV
Efficiency 1(3.3Vout) = 7A 89 %
Current Limit Vout =0V 10 A
2.8V Output
DC Output Voltage 500mA < Igyr £ 7A 2.74 2.80 2.86 Vv
AC Voltage Regulation 3.5A load step, scope bandwidth at 20 MHz 80 mV
Load Transient Response I ew = 15A/ps, 100Hz TO 100kHz 10 s
3.5A load step, scope bandwidth at 20MHz
Measure time 3.3Vt exceeds DC limits
when 500mA to 3.5A or 3.5A to 7A transient is switched.
Ripple and Noise 500mA < lgyt < 7A, scope bandwidth at 20MHz 40 50 mVp.p
Load Regulation (DC) 500mA < lgyt £ 7A 11 20 11\
+5V Line Regulation 4,75V < +5V £ 5.25V 2 15 mV
Efficiency 1(3.3Vout) = 7A 86 %
Current Limit Vout =0V 10 A
+12V Input
+12V Bias Current 22 30 mA
+12V Turn-on Voltage 74 8.4 9.4 \Y,
+12V Turn-off Voltage 6.8 7.8 8.8 \%
+12V Lockout Hysteresis 0.6 Y,
ENABLE Pin
Channel 2 Duty Cycle Enable pin grounded 0 %
Enable pin tied to Vger 55 %
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Demonstration Board Schematic
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This is the application portion of the demonstration board. It shows the component reference designators corresponding to the printed circuit board
layout and bills of materials that are included in this document.
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Demonstration Board Schematic continued
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This schematic shows the test circuitry for the 3.3V output (channel 2). Reference designators correspond to the printed circuit board layout and the

bill of materials.
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This schematic shows the test circuitry for the 2.8V output (channel 1). Reference designators correspond to the printed circuit board layout and the
bill of materials.
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Demonstration Board Operation Guidelines

No specialized equipment is required to exercise the
CS5127 demonstration board. A “silver box” computer
power supply and an oscilloscope with two BNC cable
inputs are the only requirements.

Nine switches control the test modes for the CS5127
demonstration board. Switch S7 controls the
ENABLE/DISABLE status of output channel 2 (3.3V
output). Three switches for each output channel control
DC current level and load transient testing. Switches
S1, S2 and S3 control channel one, while switches S4, S5
and S6 control channel two testing. Switches S8 and S9
provide short circuit testing for channel 1 and channel
2, respectively. A list of test conditions and switch con-
figurations is provided below. Testing of channel one is
completely independent of testing of channel two, and
both channels can be tested at full load simultaneously.
An “X in a column indicates a don’t care condition.

Test Condition S1 S2 S3 S4 S5 S6 S7 S8 S9
Output 1, 450mA DC OFF OFF OFF X X X X OFF X
Output 1, 3.4ADC OFF ON OFF X X X X OFF X
Output 1, 6.4ADC OFF ON ON X X X X OFF X
Output 1, 450mA to 3.4A transient ON OFF OFF X X X X OFF X
Output 1, 3.4A to 6.4A transient ON ON OFF X X X X OFF X
Output 1 short circuited X X X X X X X ON X
Output 2 disabled X X X X X X  DISABLE X OFF
Output 2, 530mA DC X X X OFF OFF OFF ENABLE X OFF
Output 2, 4.05ADC X X X OFF ON OFF ENABLE X OFF
Output 2, 7.57TADC X X X OFF ON ON ENABLE X OFF
Output 2, 530mA to 4.05A transient X X X ON OFF OFF ENABLE X OFF
Output 2, 4.05A to 7.57A transient X X X ON ON OFF ENABLE X OFF
Output 2 short circuited X X X X X X X X ON

As an example, if channel one was providing 3.4A DC
while channel 2 was responding to a 530mA to 4.05A
load step, switch settings would be:

OFF ON OFF ON OFF OFF ENABLE OFF OFF

CS5127 Demonstration Manual 7 ON Semiconductor



Design Procedure

Note: component reference designators contained in
the Design Procedure refer to the Demonstration
Board Schematic.

In order to begin designing a power supply using the
CS5127, we must define the topology we wish to use,
the supply voltages, the output voltage and current
requirements and the switching frequency. Using the
guidelines contained in the CS5127 data sheet, we
chose to build a V2™ controlled regulator. We chose to
use a standard computer “silver box” power supply
with both 12V and 5V outputs. The 12V supply pro-
vides the IC bias and the 5V supply provides the input
power. Our regulator outputs were set at 3.3V and 2.8V,
and both outputs can supply 7A to their loads. We
chose a target switching frequency of 200kHz.

Choosing the Oscillator Components

We chose a switching frequency of 200kHz. We arbi-
trarily chose C7 = 470pF for small size and low cost. R2
can now be calculated:

_ 188
(200kHz) (470pF)

= 20kQ

Choosing the Feedback Resistor Values

We first considered how to size R5 and R8. If each resis-
tor is set to conduct 1mA, the Vg pin bias current of
ImA will cause an error less than 0.1%. We chose a
1270W, 1%, 1/8W chip resistor. Thus, current in the
divider is approximately

1.275

|V(FB) = T?O =1.004 mA,

and expected error is

£ = (1E - 6) (1270) (100%)

= 0,
o7 0.0996%.
For the 2.8V output, we calculated the value of R4:
R4=1270 x [-28_ —1] = 15100,
1.275

Use a standard value of 1540Q.
For the 3.3V output, we calculated the value of R7:

34
1275 1

Use a standard value of 2000Q or 2050Q.

R7 =1270 x [ ] =2017Q.

Unfortunately, when we checked, we didn’t have either
value in stock. We looked for a good fit using values
we did have, and found that setting R8 = 1500Q gave a
value of 2382Q for R7. We used R7 = 2400Q. The error
from setting R8 = 1500Q is

_ (1E - 6) (1500) (100%) _ o .1 oo
E o7s 0.118%.

Choosing the Inductors

We first solved for the 2.8V output minimum induc-
tance value. We decided to set Iy ax = 10A as a limit for
the inductor saturation current. This gave

_ BV -28V)(28V) _
Luin = Gookrz) (10m) Gv) -~ oM

For this inductor, ripple current was calculated as

| _ (Vv -28V)(28V)
RIPPLE = 200kHz) (0.6pH) (5V)

Increasing the inductance reduces the ripple current, so
we tried 5uH:

=10.27A.

I _ (5v-28V)(2.8V)
RIPPLE ™ "200kHzZ) (5uH) (5V)

This is much more realistic.

=1.232A.

We then calculated the maximum output current using
the 5uH inductor.

Caoa_ (BV-28V)(28V)
loutmax) = 10A = (v 500kH2) (5uH) (5V)

This is adequate for our needs.

=9.38A.

We then solved for the 3.3V output inductor:

_ (Y -33V)(33V) _
N = 200kHz) (10A) Bv)  CooHH:

For this inductor, ripple current was calculated as

(5V - 2.8V) (2.8V)

IrippLE = (200kHz) (056pH) (5V) T 10A
We tried 5uH again:
(BV-=33V)(33V) _ 1004

IRipPLE = (200kHz) (5pH) (5V)

BV - 3.3V) (3.3V)

loutivmax = 10A = o o00kiz) (5uH) Bv) — A
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Design Procedure continued

Thus, both inductors should be 5uH and rated for 10A.
We chose the XF0066-VO2 from XFMRS, Inc. for both
L1and L2

Choosing the Output FETs

We looked for an inexpensive logic level n-channel FET.
Logic level is desirable in this application since there is
only 7V of gate drive available, and 1.5V of that is used
in the CS5127 output drivers. We wanted the FET to
withstand a minimum of 15V and have current carry-
ing capability of at least 10A. Additionally, low Rpson)
and surface mount packaging were important. We
chose the IRL3103S from International Rectifier for Q2
and Q3. The IRL3103S is a logic level n-channel FET
capable of withstanding 30V, carrying 64A with Rpson)
of 14mQ, and the D? package features ;5 of 40°C/W.

Choosing the Catch Diodes

These components are usually schottky diodes to mini-
mize the forward voltage drop and improve system
efficiency. The diodes are chosen based on reverse volt-
age, average current capability and turn-on voltage. In
this application, the maximum reverse voltage that will
be experienced by the catch diodes is Vy plus some
tolerance, or about 14V. The average current in the
catch diode is given as

VsuppLy ~ Vout

Ipave) = lLoap ¥ VeupaLy

This comes out to about 3.1A for the 2.8V output and
2.4A for the 3.3V output. We chose to use the 1N5821
from LiteOn Power Semiconductor for D1 and D2. This
diode has a 3A average current rating, a withstand
voltage of 30V and a turn-on voltage of 0.5V.

Choosing the Output Capacitors

We based our choice for output capacitors on four con-
siderations: RMS ripple current rating, ESR, size and
price. The capacitor network must be capable of han-
dling the inductor ripple current of 1.2A. The ripple
current flowing in the capacitor ESR will produce the
output ripple voltage. Our demonstration board
accepts its power through two standard J-connectors,
so the capacitor height should be lower than the height
of the connectors, and price should be as low as possi-
ble. We chose to use two Panasonic ECA-1AFQ681
capacitors in parallel for each output (C10, C11, C12,
C13). These capacitors have a ripple current rating of

760mA and typical ESR of 90mQ. Two capacitors in
parallel give 1.5A of ripple current capability and ESR
of 45mQ. The ripple current into the ESR will produce
about 55mV of output ripple voltage.

A load step will produce an instantaneous change in
the output voltage defined by the magnitude of the
load step and the output capacitor ESR. Our test setup
produces a 3.5A load step. The worst case change in
output voltage due to the load step will be

AVout = Alout X ESR = (3.5A) (0.045Q) = 0.158V.

Choosing the Input Bypass Capacitors

We chose bypass capacitors for the FET drains with the
same criteria used for the output capacitors. In this
case, though, the ripple current during switch transi-
tions is much larger:

(Vin = VOUTZ) Mout) _ 545
ViN

However, the current “spikes” during the switch transi-
tions are of very short duration. A voltage spike at the
transition is defined as:

IRipPLE = IOUTJ

AV = (ESR) (IR|PPLE) =0.157V

This momentary glitch introduces noise but does not
otherwise impact system operation. The other compo-
nent of ripple current in the input bypass capacitors is
due to the inductor ripple current and has the same
magnitude of about 1.2A. We chose to use the same
capacitor type and value for the input bypass caps that
we used for the output capacitors. We placed two
Panasonic ECA-1AFQ681 capacitors (C1, C2, C4, C5) in
parallel right at the drain of each FET. These capacitors
help to minimize EMI and reduce ripple current in the
5V supply. We also chose to include bypass capacitors
on the V| and Vgge lines of the IC (C3, C8). At
200kHz, a 1uyF capacitor presents an impedance of 0.8Q
which should conduct any switching noise.

Choosing the COMP Pin Capacitors

We chose to impose a 0.1% tolerance on the DC level of
the COMP pin voltage. At 200kHz, Tosc = 5ps, and

_ (0.016A) (5E - 65)

Coompving = = avy000r) - oW

CS5127 Demonstration Manual

ON Semiconductor



Design Procedure continued

_ (0.016A) (5E - 6s) _
(3.3V) (0.001)

We chose to use 100uF capacitors for C15 and C16 as
recommended by the datasheet. Increasing the COMP
pin capacitor value improves noise immunity.

= 24.2uF

CcompMmIN) =

Choosing the Vgeg Pin Components

We started by determining how the DC bias would be
provided. The 2.8V output is low enough to provide
DC bias to the Vggg; pin, but the 3.3V output is very
near the PWM comparator common mode maximum
input voltage. We chose to use a resistor divider to pro-
vide the DC bias for the 3.3V output. We set the total
divider resistance at 20kQ between the 3.3V output and
ground. This sets the divider current at 165uA. We
chose to set the DC bias voltage at about 3V, so our
divider resistors can be calculated:

(3.0V)
(3.3V)

R3 = 20kQ x = 18kQ, and

R9 = 20kQ - 18kQ = 2kQ.

This ratio keeps 90% of the output voltage ripple as
input to the Vgeg pin so that V2™ control will function
properly. R9 also serves as the filter resistor for the 3.3V
output.

We chose to use identical 330pF capacitors for Vggg fil-
ter capacitors C14 and C17, and we set R6 equal to 1K.
This gives cutoff frequencies of 3MHz for the 2.8V out-
put and of 1.5MHz for the 3.3V output. This effectively
removes switching noise from the Vggg bias levels.

To provide the artificial ramp signal, we chose a SOT-23
packaged NPN transistor for Q1. We used Zetex’s
FMMT2222A transistor. This transistor can provide as
much as 600mA of current and has a forward current
gain (Hgg) between 100 and 300. It is important to have
a fairly high gain so that the transistor does not load
down the CT pin capacitor. Such loading will decrease
the switching frequency.

The CS5127 datasheet provides the CT pin peak and
valley thresholds for the oscillator. We used the peak
threshold of 3.6V to help us determine the maximum
bias current for Q1. Assuming Viggon) for Q1 is 700mV,
the maximum emitter voltage for the transistor will be
3.6V - 0.7V = 2.9V. We arbitrarily chose to use a 20K
resistor for R1. This sets the maximum quiescent cur-
rent for Q1 at 145pA. If forward current gain is 100, the

current load on the CT pin due to Q1 is about 1.5pA.
The error introduced by this loading can be approxi-
mately calculated as

E _ R2

FREQT(RL) (Hre)
where Hgg is the forward current gain of the transistor
at the DC bias current level.

For our circuit, Ergeq is less than 1%.

We use 2 capacitors to couple the artificial ramp signal
into the Vgeg pins. Ideally, these capacitors present as
low a resistance as possible at the switching frequency
so that the full amplitude of the voltage signal at Q1’s
emitter is present on the Vggp side of the capacitor. We
chose C6 and C9 at 0.1uF. At 200kHz, this value repre-
sents a resistance of about 8Q.

We now need to calculate the amount of artificial ramp
needed to stabilize our system. For the 2.8V output,

(0.045Q) (2.8V) _
(2000) (5pH)

However, we must add the output voltage ripple to
this value to calculate the value of R10:

2.1V
7.6mV

Use a standard value of 33kQ.

Veamp = =12.6mV per period.

RRAMP = (1kQ) [5 ] = 35kQ.

When we tried this resistor value, we observed some
minor pulse skipping. Decreasing R10 to 27K eliminat-
ed the pulse skipping, and further decreasing R10 to
20K did not affect transient response. We chose 20kQ
for a final value.

For the 3.3V output,
_ (0.045Q) (3.3V) (18K) _ .
VeAMP (2000) (5yH) (20K) 13.4mV per period.
2.1V _
Reane = (2kQ) [59 . ] - 68KQ.

This resistor value for R11 also resulted in some pulse
skipping. Decreasing the resistor value to 27kQ again
eliminated the problem, and decreasing the value to
20kQ did not affect transient response. We chose 20kQ
as the final value.

With this calculation, our converter design was com-
plete. As noted above, some optimization was required

CS5127 Demonstration Manual
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Design Procedure continued

for the values of R10 and R11, but system performance
is otherwise good.

Design of the Current Limit Circuit

Several factors must be considered in designing a cur-
rent limit circuit for the CS5127. First, a measurement
of the inductor current must be provided. Second, this
measurement must be compared against a reference,
and a decision made on whether or not to terminate
conduction in the switch. Finally, the actual turn-off of
the switch must occur.

Our design uses a resistor to measure the inductor cur-
rent. This resistor may be implemented in several ways,
but two primary methods are use of a high-precision
current sense resistor and use of an embedded PC
board trace. The precision current sense resistor is a
fairly expensive component, but it is accurate, will dis-
sipate large amounts of power and is usually available
in a surface mount package. It uses very little PC board
area. The embedded PC board trace, on the other hand,
costs nothing for components, but uses a large amount
of board area and is usually only accurate to about

+ 30%. We chose to use an embedded trace. The sheet
resistance of the copper in the PC board can be
obtained from the PC board manufacturer. The embed-
ded trace resistance is then calculated by

Rrrace = (L/W) (RsneeT)

where L is the length of the trace (any unit of length),
W is the width of the trace (in the same unit as L) and
L/W provides the number of squares of metal in the
trace. Rsyeget IS given in ohms per square, and the
product of Rgyeet and the number of squares yields an
answer in ohms. If the embedded trace cannot be made
from a single straight segment of metal, the corners at
which the embedded trace turns have the effect of pro-
viding approximately one half square of resistance.

1/2

-
-
_':-
_':-
_':-
ly

Figure 1: Calculating resistance by number of squares: L/W gives the
number of squares. Corners give 1/2 square to total.

The comparison is done by means of a comparator with
open collector output. Two conditions must be applied
to the IC to turn the output switch off. The COMP pin
must be pulled low at the same time as the Vggg pin is
pulled high. This can be accomplished by using the
open collector output of the comparator to pull down
on the COMP pin, and on a resistor divider that will
turn a PNP transistor on. The PNP transistor then can
pull up the Vggg pin to complete the turn off process.
The comparator output must be capable of sinking in
excess of 3mA to completely sink the COMP pin source
current while driving the PNP transistor hard enough
to pull up the Vggg pin.

VErB

COMP

Figure 2: Comparator configuration to pull COMP pin low while pulling
VEgg pin high simultaneously.

Finally, some means of providing the reference and the
measured current to the circuit for comparison must be
devised. A simple resistor divider can accomplish this
goal.

CS5127 Demonstration Manual
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Design Procedure continued

Figure 3: Current comparator schematic valid for output voltages less
than 5V.

When the load is shorted to ground, a DC voltage will
exist across the droop resistor. At the same time, the
resistor divider from 5V establishes a reference voltage
on the non-inverting input. When the current in the
droop resistor becomes large enough, the comparator
will change states, and the output will sink current.
This pulls the COMP pin down, drives the Vggg high
and terminates conduction in the switch. As current
begins to decrease, the comparator will return to its
original off-state, and the switch FET will turn on at the
next oscillator cycle. If the load is still shorted, current
will rise until the shutdown sequence occurs again. The
result is that an average current slightly lower than the
programmed current limit will flow in the inductor.

For our design, we chose to use R67 = R68 = 15kQ and
R66 = R65 = 1IMQ. The equation for the current limit
trip point is

L 00mav
HMIT™ (0.985) (Rproop)

Thus, the current limit may be modified by using dif-
ferent values of Rproop. Alternatively, the values of
resistors R20-R23 may be modified to change the DC
reference and the portion of the current sense voltage
presented to the comparator. Finally, a 0.1uF capacitor
was placed across the inputs of the comparator to
reduce the chance of tripping the current limit circuit
due to noise. Note that the component numbers in the
figure above reference the 2.8V output in the demon-
stration schematic.

Two notes are useful at this point. First, the selection of
schottky diodes should be made based on the average
current during short circuit if a shorted output is a like-
ly event. Since the current limit results in a low duty
cycle, the schottky diode carries nearly the entire short
circuit current. Second, the value of the capacitor
placed across the comparator inputs may need to be
increased due to variation in PC board layout and com-
ponent selection.

Thermal Performance Data

Component 2.8V @ 0.5A 28V @ 7A 3.3V @ 0.5A 28V @ 7A 2.8V Short 3.3V Short
Input Capacitors 25°C 26°C 25°C 26°C 38°C 40°C
Output Capacitors 25°C 30°C 25°C 32°C 38°C 39°C
FET Switches 27°C 43°C 27°C 43°C 78°C 79°C
Schottky Diodes 27°C 47°C 27°C 47°C 106°C 106°C
Inductors 31°C 48°C 31°C 48°C 78°C 95°C
Controller IC 41°C 50°C 41°C 50°C 62°C 62°C

Note: measurements made in still air with a separate current source to avoid heating of components due to conduction of thermal
energy from power dissipated in resistive loads. Ambient room temperature was 23°C. Measurements were made with both output

channels operating.
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Typical Performance Characteristics

Normal Operation, 2.8 @ .54

Paower Up YWaveforms, 2.8V

. Win 12%
Gate &
1 voutt €2 Max
2.84V
C2 Pk-Pk
4 s : { 24.0mv
/J/“\\ /‘//qk\‘\ //k‘\ Voutl :
\\rﬂ’ \\\rﬂ‘ \\J,f " Rigple 1 in v
. . ) . . ) C3 Freq
. . ] . . ] 203.308kHz
. ;. - . } {1 Low signal
amplitude
Switching Nod C4 Max
g Mode Weomp 388 V'
34!, e, CI+DUty || T e
: : | Low signal
. amplitude . L
Ch1 5.00V 20.0mvV% M 2.00us Chi \ 4.3V 13 Feb 1998 Ch1 10.0V Ch? 2,00V  M50.0ms ChiJ 4.4V 5 Mar 1998
Ch3z 5.00V 16:04:28 Ch3z 5.00V OfE] 2.00V 11:23:23
Figure 4. Figure 7.
Normal Operation, 2.8Y, @ 3.5A Transient Response, 2 8V, lout 54 to 3.54
; T KRS AN 5 T SN Y Wl
: : p . ) 1 lout
14
Gate : : b
""" { Vour! €2 Min
Ripple —76my
C2 Pk-Pk
43.2mvy
o “Woutl
Ripple
C3 Freq Gl
202.133kHz
Low sighal
amplitude
Switching Node
C3 +Dut
37 hy Switching
Low signal Mode
. amplitude L i
Ch1 5.00V 20.0mvV% M 2.00us Chi 1 4.3V 13 Feb 1998 Ch1 5.00V EF 50.0mvV% M 10.04s Chi F 4.2V 13 Feb 1998
Ch3z 5.00V .0d- Ch3 10.0V Ch4 500mv & T
16:04:51 14:57:21
Figure 5. Figure 8.
MNormal Operation, 2.8V @ 7A Transient Response, 2.8V, lout 3.5A 10 .54
lout
Gate * *
2 Plerk : : S e Tiam
Woutl /\‘_//\/\ /’\ /\r/)\ ; /\ /\
Ripple R i
C3 Freq 1 Gate
202.293kHz 1
Low signal
amplitude
Switching MNode
C3 +Duty N
4 Switching
Low signal 1 MWode
. . amplitude . M
Ch1 5.00V 20.0mvV% M 2.00us Chi 1 4.3V 13 Feb 1998 Ch1 5.00V Ch2 50.0mv™, M 10.04s Chi u 32V 12 Feb 1998
Ch3z 5.00V L3R @i 100V Ch4 500mVv & 3.
16:36:51 15:31:46
Figure 6. Figure 9.
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Typical Performance Characteristics continued

Transient Response, 2.8V, lout 3 5Ato 7A

lout

Vout! €2 Min
1 Ripple —76mV

Gate

Switching
Mode

Transient Response, 2 8V, lout 3.5A to 74

lout

i C2 Max
Tyvour  86mV
Ripple
C2 Min
—76my

thi 5.00V EF'S0.0mv M 10.0[s Ch1 & 4.2V 13 Feb 1098 Chi 2.00V  [GW 50.0mv~ M 200Ms Chi 7  3.56 V 13 Feb 1098
chz 10.0v  chd s00mv & 14:58:01 14:53:26
Figure 10. Figure 13.
Transient Response, 2.8V, lout 74 to 3.54 MNormal Cperation, 3.3V @ .5A
lout
1o - b A g i
: : ' Gate
] Weut! €2 Max
1 Ripple 109my C2 Pk—Pk
i 24.0mv
Waut2
J Ripple
.......... C3 Freq
Gate 203.145kHz
Low signal
amplitude
i | 4 Switching
] ] Mode
Swithching 3+, o - cz;[s)l.%y
Made Low signal
; 3 A ; ; ; amplitude
Thi 5.00¥  ChZ 50.0mvV M 10.04s Chi v 25V 13 Feb 1008 Thi 5.00V 20.0mvs M 2.0005 Chi v 4.3V 13 Feb 1008
Ch3] 0.0V Ch4 500mv S 15:32:19 Ch3z 5.00V 16:01:24
Figure 11. Figure 14.
Transient Response, 2.8V, lout 54 to 3.54 Narmal Operation, 3.3% @ 3.54
Gate
1 lout
C2 Pk-Pk
35.2mv
Wout2
C2 Max Ripple
64my C3 Freq
n P X;“,jﬂe 203.000kHz
T ) Low signal
VAR €2 Min amplitude
—62mv
1 Switching
7 Mode
.......... C3 +Duty
70.8%
Low signal
L L L amplitude
thi 2.00V 50.0mvV~ ™ 2005 Chi J  3.56V 13 Feb 1008 thi 5.00V 20.0mvVs ™M 2.0005 Chi v 4.3V 13 Feb 1008
14:52:59 Ch3 s5.00v 16:02:03
Figure 12. Figure 15.
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Typical Performance Characteristics continued

MNormal Operation, 3.3V @ TA

Gate

C2 Pk-Pk
33.6mv

e
v

Wout2
Ripple

C3 Freq
201.583kHz
Low signal
amplitude
A Switching Mode

C3 +Duty
73.3%
Low signal
amplitude

Chi 5.00V  [GW 20.0mve M 2.004s Chi 1
5.00 V

43V 13Feb 1908

Transient Response, 3.3V, lout 3.5A o

5A

4 lout

1voutz C2 Max

4 Ripple 131mV

Gate

Switching
Mode

Cthi 500V ] 50.0mVe  M5.000s Chi v 2.2V 13 Feb 1998
ch3 16:02:29 ch3 10.0v  Chd 500mv & 11:44:36
Figure 16. Figure 19.
Power Up YWaveform, 3.3V Transient Response, 3.3V, lout 3 5410 7A
lout2
.......... | in 12v
C2 Max
vouZ 3732y )
1Wout €2 Min
Ripple —81mv
1 Win gy
Gate
1 Veomp 4 Max
] 312V
.......... Suitohing
MNode
T0.0V  Ch2 2.00V  Ms0.0ms CAT F 4.4V 5 mar 1998
5.00 vV 2.00V

11:24:54

500m

ChT  5.00 V EF 50.0mv M 10.0s Chi 7
i0.0v  cha v o

TS5V 13 Feb 1998

11:42:38
Figure 17. Figure 20.
Transient Response, 3 3V, lout 5A to 3.5A Transient Response, 3.3 lout 74 1o 3.54
J\’ﬁw" 4 lout 4 lout
1 b S = 1o V.... i'L:A ok i Y ) ,{
4 Wout2 C2 Min b
.......... Ripple —87mY oo Wout C2 Max
Ripple 121my
Gate Gate
1] A i — ﬁ\ﬂ;hmg
44 Mode EW
thi 500V EF'S0.0mv “MT0.0ps Chi 7 3.0V 13feb 1998 Chi 5.00V 4 50.0mve  M5.000s Ch1 v 2.2V 13 Feb 1998
ch3 10.0v  Chd 500mv & 11:43:07 chz 10.0v  Chd 500mv & 11:45:06

Figure 18.

Figure 21.
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Typical Performance Characteristics continued

Transient Response, 3.3V, lout 5Ato 3.54

lout

Transient Response, 2.8, lout 3.54 to 74

lout

2+
C4 Max
14.4mv
1 I ! Wout2
451 I | I ! I Ripple
3 €4 Min
@K 2.00V  ChZ 50.0mV~ M 200us chi J 7.2V 13 Feb 1908 Chi 5.00V  ChZ 50.0mvV™ M 200us Chi 7 3.2V 5 Mar 1998
14:44:46 20.0mv 12:00:20
Figure 22. Figure 25: Effect of Channel 1 Transient Response on Channel 2 DC
Regulation (I oap = 500mA).
Transient Response, 3.3V, lout 3 5410 7A Transient Response, 3.3V, lout 5Ato 3 54,
L. S .
: lout
lout 1+
C2 Max
Yoz 79MV
Ripple
C2 Min
-101my
700V Ch2 50.0mv ™ 200js ChT & 2.28V 13 Feb 1998 Ch1 5.00V  Ch2 20.0mv%~ ™ 20008 CA1 7 3.2V 5 Mar 1998
14:45:14 30.0mvn 12:02:17
Figure 23. Figure 26: Effect of Channel 2 Transient Response on Channel 1 DC
Regulation (I_oap = 500mA).
Transient Response, 2.8, lout 5Ato 3.5A Transient Response, 3.3V, lout 3. 5A 1o 7A
lout
lout
C2 Max
€2 Max oy V1-2MY
woutt B3MV Ripple
Ripple C2 Min
C2 Min -12.0mv
-75mv
C4 Max
Wout2 86my
C4 Max Ripple
15.2mv C4 Min
I i i ] Vout2 -gomv
4+ i i [ Il Ripple )
| i C4 Min
: —-15.2my
CRT  5.00V  ChZ 50.0mv% ™ 20005 CAT J 3.2V 5 mar 1998 Ch1 5.00V  ChZ 20.0mv% ™ 20005 CA1 7 3.2V 5 mar 1998
20.0mvny 11:50:43 50.0mvny 12:03:02

Figure 24: Effect of Channel 1 Transient Response on Channel 2 DC
Regulation (I_oap = 500mA).

Figure 27: Effect of Channel 2 Transient Response on Channel 1 DC
Regulation (I_oap = 500mA).
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Typical Performance Characteristics continued

Transient Response, lout 54 to 3.54 Gate and Switching Node Rise Times
‘ logut1 |
19h ; : R R
: : : : : ; |
|
: - : : ] C2 Max : Gate2
' . ] oin o~ voutl  81mv o A 9.4V
2 ; " i ! MWWW | Ripple ) I A 55.2ns
: : : : . ; C2 Min @: 10.7 V
o o i et -81mv
:V : ; : : ] lout2
: : C4 Max Switching
vouz 92MV Node2
Ripple
; C4 Min
.......... —-100mv
Chi 5.00V  ChZ 50.0mv™ ™ 200Ms Chi S 1.1V 5 mar 1998 "M 20.0ns Chi 7 8.7V 5 Mar 1998
5.00v  Ch4 50.0mvn 12:49:22 16:32:18
Figure 28: Effect of both channels’ transient responses (0.5 to 3.5A Figure 31.
load step).
Transient Response, lout 3.54 to 7A Gate and Switching Mode Fall Times
lout1
Gatel
A 9.6V
A: 34.4ns
11.3
i
I
| Switching
N Model
o
N
I
I
Chi 5.00V  ChZ 50.0mv~ M 2004s Chi 7 T1V 5 Mar 1998 EF 5.00V & M 20.0ns Ch1 \ 8.7V 5 Mar 1998
M 5.00v  Chd 50.0mvn 12:50:52 chz 2.00v 16:20:09
Figure 29: Effect of both channels’ transient responses (3.5A to 7A Figure 32.
load step).
Gate and Switching Node Rise Times Gate and Switching MNode Fall Times
I I
| e : T Y R, :
\ : ; : ] ; o : : ]
! | i
| ,4_.«“} . M o sate2
| Gatel | A 100V
| E . . | . 3 E . . 1 A 34.8ns
S Lo Aroav . S RS T Pl
! : : Al 5%.8ns o : S
@:10.7 ¥ I
|
T
.
Switching } Switching
Model | Mode2
| o
| N
| |
I I
EEI] 5.00V &y M 20.0ns Chi 7 8.7V 5 Mar 1998 EEI] 5.00V &y M 20.0ns Chi % 8.7V 5 Mar 1998
ths  2.00v 17:43:49 ths  2.00v 16:34:30
Figure 30. Figure 33.
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Typical Performance Characteristics continued

_Tmmw? L 892 Acqgs
B s 5 2 _ CS-5127 2.8V Demo
: A 7.04us
@: ~10.30p8 Vout vs lout
FET Gate
35
25 7
S 23
Short Circuit ~ +
Current 5A/div '5' 1.5 T
(o) T
> 13
0.5 =
Vour 0 F+————————————————+—+— =
S 0 2 4 6 8 10
Eﬂ' 700V : STalg0ns O 1.6V 7 May 1998 lout (A)
Ch3 10.0mv Ch4 50.0mv 15:10:06
Figure 34: 2.8V Current Limit Waveforms. Figure 36.
[~ TeK HidH 250M5/s | 3A0Acqs
e b T k : CS-5127 3.3V Demo
[ : I 141 11.92us
N 1 j@: —15.43ps Vout vs lout
} : l : A ﬂ : :FETGate
[ i 47
o 35 1
| Short Circuit kS
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Figure 35: 3.3V Current Limit Waveforms. lout
Figure 37.
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CS5127 Demonstration Board Bill of Materials

Manufacturer Part Number Website

Ref. Designator

DC/DC Converter

Value/Desc. Qty Telephone

Ul ON CS5127DW16*01 Dual Channel V2™ Buck 1 WWW. (800)-272-3601
Semiconductor Controller IC cherry-semi.com
u4 Texas LM2903 Dual Comparator 1 www.ti.com/ varies, available
Instruments sc/question on website
C1,C2,C4,C5, Panasonic ECA-1AFQ681 680uF 10V,Radial lead 8  www.panasonic.com  (800)-344-2112
C10-C13 Electrolytic
C3,C8 Panasonic ECS-T1CY105R 1uF 16V Tantalum 2 www.panasonic.com  (800)-344-2112
Electrolytic chip
C6,C9,C24,C25 Panasonic ECH-V1H104KBW 0.1pF 50V Film Chip 4 www.panasonic.com  (800)-344-2112
Cl14, C17 Panasonic ECH-V1H331KBW 330pF 50V Film Chip 2 www.panasonic.com  (800)-344-2112
C7 Panasonic ECH-U1H471JB5 470pF 50V Film Chip 1 www.panasonic.com  (800)-344-2112
C15,C16 Panasonic ECE-V1AA101UP 100pF 10V Electrolytic 2 www.panasonic.com  (803)-344-2112
R1,R2,R10, Panasonic ERJ-8GEYJ204 20K 1/8W 5% 6  www.panasonic.com  (800)-344-2112
R11,R70,R72
R3 Panasonic ERJ-8GEJ184 18K, 1/8W 1% 1 www.panasonic.com  (800)-344-2112
R4 Panasonic ERJ-8ENF1543 154K 1/8W 1% 1 www.panasonic.com  (800)-344-2112
R5 Panasonic ERJ-8ENF1273 127K 1/8W 1% 1 www.panasonic.com (800)-344-2112
R6, R73, R74 Panasonic ERJ-8GEJ103 1K 1/8W 5% 3 www.panasonic.com  (800)-344-2112
R7 Panasonic ERJ-8ENF2403 2.40K 1/8W 1% 1 www.panasonic.com  (800)-344-2112
R8 Panasonic ERJ-8ENF1503 150K 1/8W 1% 1 www.panasonic.com  (800)-344-2112
R9 Panasonic ERJ-8GEYJ203 2K 1/8W 5% 1 www.panasonic.com  (800)-344-2112
R65,R66,R75, Panasonic ERJ-8GEYJ106 1MEG 1/8W 5% 4 www.panasonic.com  (800)-344-2112
R76
R67,R68,R77, Panasonic ERJ-8GEYJ154 15K 1/8W 5% 4 www.panasonic.com  (800)-344-2112
R78
R69, R71 Panasonic ERJ-8GEYJ104 10K 1/8W 5% 2 www.panasonic.com  (800)-344-2112
R70, R72 Panasonic ERJ-8GEYJ204 20K 1/8W 5% 2 www.panasonic.com  (800)-344-2112
D1,D2 Lite-On 1N5821 Schottky Diode 2 Www.vishay- (602)-302-8056
liteon.com
Q1 ZETEX MMTB2222A SOT-23 NPN Transistor 1 www.zetex.com (516)-543-7100
Q2,Q3 International IRL3103S N Channel FET 2 www.irf.com (310)-252-7032
Rectifier
Q4, Q7 Lite-On MMTB2907A SOT-23 PNP Transistor 2 www.vishay- (602)-302-8056
liteon.com
L1,L2 Xformers, Inc XF0066-VO2 5uH Inductor 2 www.xfmrs.com (800)-344-4539

Note: Rproop represents the DC resistance of an embedded trace on the PC board. A dedicated resistor may be purchased
to reduce board area usage if the cost of the necessary resistor is of lesser importance.

Test Circuitry

C18-C23

Panasonic

ECU-V1H104KBW

0.1uF 50V Film Chip

Www.panasonic.com

800)-344-2112

R13,R14,R41,R42

Panasonic

ERJ-8GEYJ203

2K, 1/8 W, 5%

WWWw.panasonic.com

800)-344-2112

R15, R43

Panasonic

ERJ-8GEYJ134

13K, 178 W, 5%

Www.panasonic.com

800)-344-2112

R19, R47

Panasonic

Film, 6.2Q, 3W 5%

6
4
2
2

WWW.panasonic.com

P R G

800)-344-2112
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CS5127 Demonstration Board Bill of Materials continued

Manufacturer

Ref. Designator

Part Number

Value/Desc.

Qty

Website

Telephone

Test Circuitry

R17,R18,R45R46  Panasonic ERJ-8GEYJ102 100Q, 1/8 W, 5% 4 www.panasonic.com  (800)-344-2112
R12,R16,R40,R44  Panasonic ERJ-8GEYJ101 10Q 1/8 W, 5% 4 www.panasonic.com  (800)-344-2112
R21-R39,R49-R64  Panasonic Film 7.5Q, 3W 5% 35 www.panasonic.com  (803)-344-2112
Q5,Q6 International IRF7413 N Channel FET 2 www.irf.com (310)-252-7032
Rectifier
TP1-TP6 Cambion 40F6023 Turret Pin 6 www.newark.com  (800)-463-9275
(distributed by (Newark stock
Newark Electronics) number)
11,02 Farnell 583-558 BNC Connector 2 www.newark.com  (800)-463-9275
(distributed by (Newark stock
Newark Electronics) number)

S1-S6, C&K 7101IMDRBE SPDT Switch 8  www.ckcomponents. (800)-635-5936

S8, S9 Components com
U2, U3 International LM555 Timer IC 2 www.irf.com (310)-252-7032

Rectifier
J3, 4 Molex 26-48-1065 Straight Friction Lock 2 www.molex.com (800)-786-6539
Connector

S7 C&K T101SHCQE Switch SPDT 1 www.ckcomponents. (800)-635-5936

Components com
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Printed Circuit Board Layout Information
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This is the layout pattern for the top layer metal of the printed circuit board for the demonstration.
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This is the layout pattern for the bottom layer metal of the printed circuit board for the demonstration.
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Printed Circuit Board Layout Information continued

Demonstration Circuit: 0O 0 0O 0O © 0 0, —
5127 Dual Output oN [g
Buck Regulator o

s2
R28 R27 R28 R29 R3e R21 HALF LOAD
p 0O O 0O O 0O O Ouaron
0O OO0 0O O a oN [g]
D1
u s3 |0
000 o
5.8
R34 R35 R38 R37 R3B  R39 oce
o = .
o Ooue 0O 00O O O O on
o B - M, 0gee
o I3 e mm0 ] O mz E ED o S DYNAMIC
o I o o I Lor
ol .G S a5 alor o)

-— . O c oo o o o o 3]
o] -C3° °
° cis R 10
o L 0
° -_g o [ HALF LOAD
o c4 RS@ RS1 R52 RS3 RS54 RSS R58
o 0O 0 00O C O © o

I HALF LOAD

0O ooo oo o oN ]
Q3 ss|0
eee g
U D D D |:| D D D Qs =
%cherry Semiconductor Corp. o we e R Rer pz m3 - ooo
ph. (800) 2723601 52
fox (401)885-5786 O O ¢ 0O 0 oo oo R“?:n R: - ON
OOO 0 o] o 3O g DYNAMIC
$9 R47 °R4s D c21 LOAD
OUTPUTRIPPLE  oN OFF o, u]
SHORT - oo e =

This is the layout pattern for the silkscreen layer of the printed circuit board for the demonstration.
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