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ABSTRACT

This thesis presents theory and implementation procedure of how to construct a virtual
instrument to measure a frequency response of any systems by using LabVIEW Programming.
The goal is design the construct of virtual instruments to measure the frequency response that the

user can control it by computer instead of using actual instrument that is more expensive.

The project has been progress to begin from leaming about function of LabVIEW
programming to create the virtual instruments for the frequency response measurement of Buck
Converter circuit , that is designed to send the sinusoid signal ocutput which is swept until the
destred frequency without any aliasing occurs. After that to measure the frequency response of
the system by comparing the magnitude and phase between the output and input signals, and

transfer the data to plot the bode diagram for analysis of buck converter circuit.
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Filter 1LV Chebyshev — I Filter 443 Spec #1411
fp (passband frequency) = 10 kHz ,  f, (stopband frequency) =15 kHz
R, (passband ripple} = 1 dB , A, (stopband attennation} = 25 dB

»
o -

TrA©aNT3 spec AatiND

fp= 10kHz e, = 2T, = 62831.85307 radss

fo= 15kHz ffn g = 2T, = 94247.7796] radss

E(ripple parameter) = v 10Rp/10 — 1 = y101/10-1 = 05088

. = 0y = 62831.85307 rad/s



A = 104s/20 = 1025/20 - 177828

f(Az-l)
g = 7 T 3482

[10810( g+q/g2—1 ) ]
Oder = N = - -
[Ioglo(ﬂr +,’ﬂr2 -1 )]

logqo( 348952 + f34.59522 -1)

log 10(1.5+ | 152-1)

= 5
Tﬂﬂﬁﬂﬂﬁﬂgﬂﬁﬂﬂé’lﬂiﬂiﬂﬁ
1 1
a = —+ [1+5 = 41706
E 3
a = 05(Na - Y1/a ) = 02895
b = 05( Va+ VY1/a) = 1.0411

» N
mIenziu InaNToandoIusII99INIB9A0

4 (Zk+ ) . : n (Zk+1)n
P, = (af};)cos [; + __ZN_—] + j(bse) sm[; + __:ZT\I—] 1 k=0,1234

P,, = -5.6208x10°% j6.2210x10°
P, = -18189x10"

P,, = -14716x10"+ j3.8448x10’
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9N sin(4 + B) = sin(4) cos(B) + cos(A4) sin(B) -(1)
cos(A + B) = cos(4) cos(B) F sin(A) sin(B) -(2)
mnﬁnmsﬁ n

sin(A + B) —sin(A — B) = sin(4) cos(B) +cos(A) sin(B)
— sin(A) cos(B) + cos(A) sin(B)

sin(A + B) — sin(A — B) = 2 cos(A) sin(B) —-(3)
mnﬁumiﬁ 2

cos(A + B) —cos(A — B) = cos(A) cos(B) —sin(A) sin(B) —cos(4) cos(B) —
sin(4) sin(B)

cos(A + B) —cos(A — B) = —2sin(A) sin(B) -4

WY A=at , B=at+0

o
1NTAUNTITN (3)

2 cos(at) sin(at + @) =sin(at + at + @) —sin{(at — at — @)
= sin(2at + @) —sin(—@)
2 cos(at) sin(at + @) = sin(®) +sin(2at + @)
vnaunsi @) wwld

—2sin{at) sin(at + @) = cos(at + at + ) —cos(at — at — @)
= — cos(@) +cos(2at + @)

2 sin{at) sin(at + @) = cos{(@) —cos(2at + 9)

9219 2 cos{at) sin(at + @) =sin(®) +sin(Zat + @)
2sin{at) sin(at + @) = cos(®) ~cos(2at + @)
cos(@) unz sin(®) v DC terms

cos(at + ¢) une sin(at + @) fin AC terms

Combine DC terms to get cos(@) + j sin(®) and the phase is arctan[%;((%%
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|
USER GUIDE AND SPECIFICATIONS

USB-6008/6009

COHOFF2AEFOAEREBEIZOWLNTIE, ni . com/ip/manuals
BB L T F2E Ly, (For a Japanese langnage version, go o ns . <o
Jjr/manualsa)) |

This guide describes how to use the National Instruments USB-6G08/6009
data acquisition (DAQ) devices and lists specifications.

Introduction

The NI USB-6008/6009 provides connection to eight analog input (Al)
channels. two analog output {AQ) channels, 12 digual inpul/output {DIO)
channels. and a 32-bit counter with a full-speed USB mterlace.

Note This manual revision updales naming conventions to reflect the conventions used in
NI-DAQmx. Table 1 notes the correlation between the old and updated names.

Table 1. Digital Output Driver Type Naming Conventions

Hardware Functionality ] NI-DAQmx Terminology |
Open-drain Open collector
Push-pull Active drive

N7 NATIONAL
P® INSTRUMENTS



Table 2. Differences Between the USB-6008 and USB-6009

Feature

USB-6008

USB-6009

Al Resolution

12 bits differential.
1 bats single-ended

14 bits differential.
13 bits single-ended

Maximum Al Sample Rate, 10 kS/s 48 kS/s
Single Channel”
Maximum Al Sample Rate, 10 kS/s 48 kS/s

Muitiple Channels (Aggregate)’

DIO Configuration

Open collector

Open coilector or aclive drive

" System dependent.
L

i

oooooooooo

NATIONAL
INSTRUMENTS
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Figure 1. USB-6008/6009
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Figure 2. USB-6008/6009 Back View
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Safety Guidelines

A Caution  Operate the hardware only as described in these operating instructions.

The following section contains imporiant safety information that you must
follow when mstalling and using the USB-6008/6009.

Do not operate the USB-6008/6009 in a manner not specilied in this
document. Misuse of the device can result in a hazard. You can compromtise
the salely protection built into the device if the device is damaged in any
way. [f the device is damaged, contact National Instruments for repair.

Do not substitute parts or modify the device except as described in this
document. Use the device only with the chassis, modules, accessories, and
cables specified in the installation instructions. You must have ull covers
and filler panels installed during operation of the device.

Do not operate the device in an explosive atmosphere or where there may
be flammable gases or fumes. If you must operate the device in such an
environment, it must be in a suitably rated enclosure.

If you need to clean the device, use a dry cloth. Make sure that the device
is completely dry and free from contaminants before returning it to service.

Operate the device only at or below Pollution Degree 2. Pelivtion s foreign
matter in a solid. liguid, or gaseous state that can reduce dielectric strength
or surface resistivity. The following is a description ol pollution degrees:

+  Poliution Degree | means no pollution or oniy dry, nonconductive
pollution occurs. The potlution has no influence.

»  Pollution Degree 2 means that only nonconductive potlution occurs in
most cases. Occasionally. however. a lemporary conductivily caused
by condensation musl be expected.

*  Poilution Degree 3 means that conductive pollution occurs. or dry,

nonconductive pollution occurs that becomes conductive due o
cendensation.

You must insulate signal connections for the maximum voitage for which
the device is rated. Do not exceed the maximum ratings tor the device. Do
not install wiring while the device is live with electrical signals. Do not
remove or add connector blocks when power is connecied to the system.
Avoid contact between your body and the connector block signal when hot
swapping modules. Remove power from signal lines belore connecling
them to or disconnecting them [rom the device.

© Natianal instruments Corporation 3 USB-6008/6009 User Guide and Specifications
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Operate the device at or below the Measurement Category I'. Measurement
circuits are subjected to working voltages- and transient stresses
{overvoltage) from the circuit to which they are connected during
measurement or test. Measurement categzories establish standard impulse
withstand vollage levels that commonly occur in electrical distribution
systems. The following 1s a description of measurement calegories:

*  Measurement Category [ 1s for measurements performed on circuits
not directly connected to the electrical distribution system relerred to
as MAINS? voltage. This category is tor measurements of voltages
from specially protected secondary circuits. Such voltage
measurements include signal levels, special equipment, fimited-energy
parts of equipment, circuits powered by regulated low-voltage sources,
and electronics.

*  Measurement Calegory Il is for measurements performed on circuits
directly connected to the electrical distribution system. This category
refers to local-level electrical distribution. such as that provided by a
standard wall oullet {for example. 115V for U.S. or 230V for Europe).
Examples of Measurement Category IT are measurements performed )
on household appliances, portable tools, and similar E Series devices.

+  Measurement Category III is for measurements performed in the
building installation at the distribution level. This category refers to
measurements on hard-wired equipment such as equipment ir ixed
installations. distribution boards. and circuit breakers. Other examples
are wiring. including cables. bus-bars. junction boxes. swilches.
socket-outiets in the fixed installation, and stationary motors with
permanent connections lo fixed installations.

+  Measurement Category IV is for measurements performed al the
primary electrical supply installation (<1,000 V). Examples include
electricity meters and measurements on primary overcurre
protection devices and on ripple control units.

Meusurement Ciregory us defined i elecuical satety standurd [EC 61010-1. Measurement Category s ulso reterred Lo as
Installation Category.
? Working Voltage is the highest rms value of an AC or DC voltage that can occur across any particular insulation.

F MAINS is defined as a hazardous live electrical supply system that powers equipment. Suitably rated measuring circuits may
be connected to the MAINS for mieasuring purposes.

YSB-6008/8009 User Guide and Specifications 4 mocom
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Software

Software support for the USB-6008/6009 for Windows 2000/XP is
provided by NI-DAQmx.

The NI-DAQmx CD contains example programs that you can use to get
started programming with the USB-6008/6009. Refer to the NI-DAQinx for
USB Devices Getting Started Guide. that shipped with vour device and 15
also accessible trom Stact»All Programs»National Instrruthents»
NI-DAQ (or maore information.

Note For information about non-Windows operating syslem support, reler Lo
ni.com/info and enter rddgld.

VI Logger

The NI-DAQmx CI) includes VI Logger Lite which is an easy-to-use
canfiguration-based too! specitically designed for data logging
applications. The application is available at Start»All Programs»
National Instruments»VI Logger.

@ Natonal Instruments Corporation 5 USB-6008/6009 User Guide and Specifications



Hardware

The foliowing block diagram shows key functional components of the

USB-6008/6009.

b
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Figure 3. Device Block Diagram
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Setting Up Hardware

Compiete the following steps to sel up the hardware:

1. Install combicon screw terminal blocks by inserting them into the
combicon jacks.

Note The USB-6008/6009 kit ships with signal labels. You can apply the signal labels 1o
the screw terminal blocks for easy signal identification.

2. Referto Table 3 and Figure 4 for signal label orientation and affix the
provided signal labels to the screw terminal blocks. Until the signal
labels are applied, you can insert the screw terminal blocks into either
of the combicon jacks.

1 Qverlay Label with Pin Origntation Guides 3 Signal Labels
2 Combicon Jack 4 USB Cable

Figure 4. Signal Label Application Diagram

Note Once you label the screw terminal blocks, you must only insert them into the
matching combicon jack, as indicated by the overlay label on the USB-6008/6009 device.

3. Connecl the wiring 1o the appropriate screw terminals.

© National Instruments Corporation 7 USB-6008/6009 User Guide and Specifications
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1/0 Connector

The USB-6008/6009 ships with one detachable screw terminal block for
analog signals and one detachable screw terminal block for digital signals.
These terminal blocks provide 16 connections that use 16 AWG to

28 AWG wire.

Tahle 3 lists the analog terminal assignments. and Tablte 4 lists the digrtal
terminal assignments.

Table 3. Analog Terminal Assignments

Signal, Signal,
Module Terminal Singie-Ended Mode Differential Mode
1 GND GND
( ] 2 AID Al O+ |
- 3 Ald AlO-
] 4 GND GND
% ; 5 All Al T+
N I
“ J 6 AL3 Al l-
-
=] lfen 7 GND GND
=
=)~ 8 Al2 Al 2+
| =
9 AlG Al 2=
=
|3 10 GND GND
| (1 Al3 Al 3+
s A7 3
E ] 12 Al 3—
o 13 GND GND
o
i 14 AQO AQ 0
= 15 AO | ' AD
16 GND GND .

USB-6008/6008 User Guide and Specifications g ni.com
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Table 4. Digital Terminal Assignments

Module Terminal Signal
17 P00
1 8 PO.1
1l ;
— 19 PO.2
=y 20 PO 3
= [
el [ 21 PO.4
o) [
o 22 .
2|5 2 PO>
ot [ 13 PO G
] |
s 24 P0.7
= [y
el 25 PLO
<{ [y ,
6 Pl
e [y
= [y 27 Pl
] |
0 sl 2 P13
é % 29 PFI 0
I 30 25V
e
31 45V
32 GND
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Signal Descriptions

Table 5 describes the signals availahle on the I/O connectors.

Table 5. Signal Descriptions

~

Signal Name

Reference

T

Direction

Description

GND

Ground—The reference point for the
single-ended Al measurements. hias
current return point for differential mode
measurements, AQ voltages, digital
signals at the I/O connector, +3 VDC
supply. and the +2.5 VDC reference.

Al <0.7>

Varies

Input

Analog Input Channels 0 to 7—For
single-ended measurements, each signal is
an analog input voltage channel. For
differential measurements. Al O and Al 4
are the positive and negative inputs of
differential analog input channel 0.

The following signal pairs also form
differential input channels:

<Al . Al 5>, <Al 2, Al 6> and

<Al 3. Al 7>,

AOUD

GND

Output

Analog Channel 0 Output—Supplies the
voltage output of AO channel 0.

AO |

GND

Qutput

Analog Channel 1 Output—Supplies the
vollage output of AO chanrel 1.

P1.<0.3>
PO.<0).. 7>

GND

Input or Cutput

Digital I/O Signals—You can
individually conligure each signal as an
input or output.

+25V

GND

Output

+2.5 V External Reference—Provides o
reference for wrap-back testing.

+5V

GND

Cutput

+5 V Power Source—Provides +3 V
power up to 200 mA,

PFI ()

GND

Input

PFI0—This pinis configurable as either a
digital Lrigger or an event counler mput.

{/5B-6008/6009 User Guide and Specifications
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Analog Input

You can connect analog input signais to the USB-6008/6009 through the
I/O connector. Refer to Table 5 for more information about connecting
analog input signals.

Analog Input Circuitry

Figure 5 tllustrates the analog input circuitry of the USB-6008/6009.

+2.5 Vper
m. ] - i
30.9 kel . MUX PGA ADC *‘ Al FIFO
127 k2 . -
Al o—ANAN /
39.2 kQ Input Range
Selaction

Figure 5. Analog Input Circuitry

MUX

The USB 6008/6009 has one analeg-to-digital converter (ADC). The
multiplexer (MUX) routes one Al channel at a time to the PGA.

PGA

The progammable-gain amplifier provides input gains of 1,2, 4, 5, §,
10, 16, or 20 when configured for differential measuremenlts and gain
of 1 when configured for single-ended measurements. The PGA gain is
automaltically calculated based on the veliage range selected in the
measurement application.

A/D Converter

The analog-to-digital converter {ADC) digitizes the Al signal by
converting the analog voltage into a digital code.

© National instruments Corporation 11 USB-6008/6009 User Guide and Specifications
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Al FIFO

The USB-6008/6009 can perform both single and multiple A/D
conversions of a fixed or infinite number of samples. A first-in-first-out
(FIFQ} buffer holds data during Al acquisitions to ensure that no data
is lost.

Analog Input Modes

You can configure the Al channels on the USB-6008/6009 to take
single-ended or differential measurements. Refer to Table 5 for more
information about I/O connections for single-ended or differential
measuremends.

Connecting Differential Voltage Signals

For dilferential signals, connect the posttive lead of the signal to the Al+
terminal, and the negative lead to the Al- terminal.

. :‘
Voitage C) | USB-600BB00S |
' Source ' ;
e : '
L 4 !
Al— L ,
L

Figure 6. Connecting a Cifferential Voltage Signal

The dilferential input mode can measure £20 V signals in the +20 V range.
However, the maximum voltage on any one pin is +10 V with respect to
GND. For example, if Al [ is+10 V and AI 515 -10 V. then the
measurement retumed trom the device is +20 V.

USB-6008/6009 User Guide and Specifications 12 ni.com



Ampiduda (V)

20—

//\\ Y

Al S

Result o™

Figure 7. Example of a Differential 20 V Measurement

Connecting a signal greater than =10 V on either pin results in a clipped
outpul.

Ampiituces [V}

Al 1
AlS o o

Result o™

;

e

Figure B. Exceeding +10 V on Al Returns Clipped Output

Connecting Reference Single-Ended Voltage Signals

To connect reference single-ended voltage signals (RSE) (6 the
USB-6008/6009. connect the positive voltage signal to the desired
Al terminal, and the ground signal to a GNT terminal.

© National Instruments Corporation
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Digital Trigger

Analog Output

Voltage / + .
i Source \_ ..

Figure 8. Connecting a Reference Single-Ended Voltage Signal

When an Al lask 15 defined, you can configure PF1 O as a digital (rigger
input. When the digital trigger is enabled, the Al task waits for arising edge
on PFT 0 before starting the acquisition. To use ai/Start Trigger with a

digital source, specity PFI 0 as the source and select rising edge.

The USB-6008/6009 has two independent AO channels thal can generate

outputs from 0-3 V. All updates of AO lines are software-timed.

Analog Output Circuitry

Figure 10 illustrates the analog output circuitry for the USB-6008/6009.

REF{+) REF{-)
12-Bit

Qutput
Buffer

AD

Figure 10. Analog Output Circuitry

DACs

Digital-te-unalog converts (DACs) convert digital codes to analog
vollages.

USB-6008/6009 User Guide and Specifications 14
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Connecting Analog Output Loads

To connect toads to the USB-6008/60C9, connect the positive lead of the
load to the AOQ terminal, and connect the ground of the load 1o a GND
terminal.

USE-B008/6008 % Load

Figure 11. Connecting a Load

Minimizing Glitches on the Output Signal

Digital 1/0

When you use a DAC (o generate a waveform, you may observe glitches in
the output signal. These glitches are normal; when a DAQ switches from
one voltage to another, it produces glitches due to released charges. The
largest glitches occur when the most significant bit of the DAC code
changes. You can build a lowpass deglitching filter to remove some of
these glitches. depending on the frequency and nature of the output signai.
Reler to ni.comssupport for more information about minimizing
alitches.

The USB-6G08/6C09 has 12 digital lines. PO.<0..7> and P1.<0..3> which
comprise the DIO port. GND is the ground-reference signal for the DIO
port. You can individually program all lines as inputs or outputs.

Digital 1/0 Circuitry

© National Instruments Corporation 15

Figure 12 shows PO.<(..7> connected 1o example signals conligured as
digital inputs and digital outputs. You can configure P1.<(}..3> similarly.
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Leo | LY
L3 e

i AN, O | F0.0
LED A = o PO.1
o | PO .2
@/' o PO 3
—{>e > P04
15V TTL Signal | © PO.5
PO.6
= - P07

]
Switch é

/0 Connector T

P0.0 configured as an open collector digital output driving a LED

P0.2 configured as a active drive digital output driving a LED

0.4 configured as a digital input receiving a TTL signal from a gated invertor
P0.7 configured as a digital input receiving a 0 V or 5 V signal from a switch

o PO =

Figure 12. Example of Connecting a Load

A Cauvlion Exceeding the maximum input vollage ratings or maximum outpul rabings, which
are listed in the Specifications section, can damage the DAQ device and the computer.
National Instruments is not liable for any damage resulting from such signal connections.

Source/Sink Information

The default configuration of the USB-6008/6009 DIO ports is open
collector, allowing 5 V operation, with an onboard 4.7 k&2 pull-up resistor.
An exlernal. user-provided, pull-up resistor can be added to increase the
source current drive up to a 8.5 mA limit per line as shown in Figure 13.

The USB-6009 ports can also be configured as active drive using the
DAQmx APIL altowing 3.3 V operation with a source/sink current iimit of
+8.5 mA. Refer to the NI-DAQmx Help for more information aboul how to
set the DIO configuration.

USE-6008/60089 User Guide and Specifications 16 i cam




USB-6008/6009

+5V
+5V
i
| |
Re é Rp
External 4.7 KO Onboard Resistor
Pull-up l Por :
| PQ.0 ort Pad
Resistor > & X}
RI
Load i
p GND

1/0 Protection

Figure 13. Example of Connecting External User-Provided Resistor

Complele the following steps lo determine the value of the user-provided
pull-up resistor:

1.

Place an ammeter in series with the load.
Place a variable resistor between the digital output line and the +5 V.

Adjust the variable resistor until the ammelter current reads as the
intended current. The intended current must be less than 8.5 mA.

Remove the ammeter and variable resistor from your circuit.

Measure the resistance of the variable resistor. The measured
resistance is the ideal value of the pull-up resistor.

Select a static resistor value for your pull-up resistor that 1s greater than
or equal o the ideal resistance.

Re-connect the load circuit and the pull-up resistor.

To protect the USB-6008/6009 against overvoltage, undervoltage. and
overcurtent conditions, as well as ESD events. you should avoid these Fault
conditions by using the lollowing guidelines:

© National instruments Corporation

If' you configure a DO line as an output, do not connect it 1o any
external signal source, ground signal, or power supply.

It you contigure a DIO line as an output, understand the current
requirements of the load connected to these signais. Do not exceed the
spectfied current output limits of the DAQ device.
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National Instruments has several signal conditioning solutions lor
digital applications requiring high current drive.

= If you configure a DIO line as an input. do not drive the line with
voltages outside of its normal operating range. The DIO lines have a
smaller operating range than the Al signals.

*  Treat the DAQ device as you would treat any static sensitive device.
Always properly ground yourself and the equipment when handling
the DAQ device or connecting 1o it.

Power-On States

Alsysten startup and reset, the hardware sets all DIO lines to
high-impedance inputs. The DAQ} device does not drive the signal high or
low. Each line has a weak pull-up resistor connected to it.

Static DIO

Each of the USB-6008/6009 DIO lines can be used as a static DI or DO
line. You can use static DIO lines 1o monitor or control digital signals. All
samples of static DI lines and updates of DO lines are software-limed.

Event Counter

You can conligure PFT0 as a seurce for a gated invertor counter input edge
count task. In this mode, falling-edge events are counted using a 32-bit
counter. For more information about event iming requirements, refer to the
Specificaiions section.

Reference and Power Sources

The USB-6008/6009 creates an external reference and supplies a power
source. All voltages are relative to COM unless otherwise noted.

+2.95 External References

The USB-6008/6009 creates a high-purity reference voliage supply for
the ADC using a multi-state regulator, ampilifier, and filter ¢ircuit The
resulting +2.5 V reference voltage can be used as a signal lor sell test.

+5 V Power Source

The USB-6008/6009 supplies a 5 V, 200 mA output. This source can be
used to power external components.

Note While the device is in USB suspend, the output is disabled.

USB-6008/6009 User Guide and Specifications 18 nLeom



Specifications

Analog Input

The following specifications are typical at 25 °C, unless otherwise noted.

Converter type.....

Analog inputs ..., e

Input resolution

USB-0008 i

USB-6009 ..o,

Max sampling rate!

USB-6008 ...
USB-6009 ...

ATFIFO
Timing resolution, .o

ININE ACCUTACY .. cvcere e e
Timing accuracy

Input range

Successive approximation

8 single-ended. 4 differential.
software selectable

12 bits differential,
11 bits single-ended

14 bits ditferential,
13 bits single-ended

10 kS/s
48 kS/s/s

512 bytes
41.67 ns (24 MHz timebase)

100 ppm of actual sample rate

Single-ended ... 10V
Difterential ..o 220V, 210V, 25 V. =4 V.
25V . £2V, 2125V +1 V
Working voltage.......ccocot e, +10V
Input impedance ... 144 kQ
Overvoltage protection......................... +35
Trgger SOUICE (oot Software or external digital

" System dependent.

© National Instruments Corporation
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System noise!
Single-ended
10 Vrange. ..o
Dhfferential
+20 V range ..o
] Vorange o

60

S mVrms

S mVrms

0.5 mVirms

Absolute accuracy at full scale. single ended

Typical at 25 °C Maximum over Temperaturej
Range (mV) (mV)
3l
+10 14.7 138 _;
Absolute accuracy at full scale. differential
I Typical at 25 °C Maximum over Temperature
Range (mV) (mV)
+20 14.7 138 ,
+10 7.73 84.8
+5 4.28 w 58.4
+d 3.59 r 53.1
+2.5 256 45.1
+2 221 ? 425
+].25 1.70 389
.l 153 75

L " Input voltages muy not exceed the working voellage range

Analog Output

Converter IYPe ..o e

Analog oulpuls, ..o :

Cutput resolultion ...
Maximum update rate ..o

Outputrange ... TR .

I System noise menstred al maximum sample rate

USB-6008/6009 User Guide and Specifications 20

Successive approximation

5

12 bits

150 Hz, software-timed

Dw+5V
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Quiput impedance ...,
Output current drive ... R
Power-on stale.............oocoiiiii
STew Ll v
Short circuit current .o......ocoeeeeoiiceereen.n

Absolute accuracy (noload) ...

Digital 1/0

Digital YO
PO<O. 7>,

Ouiput driver type
USB-6008 ..o
USB-6009 .o,

Compatibility .
Absolute maximum voltage range .........
Pull-up resistor ...

Power-on state ..o

@ National instruments Corporation 21

500
5mA
ov

1 Vis
50 mA

7 mV typical. 36.4 mV maximum
at tull scale

8 lines

4 lines

Each channel individually
programmable as input or output

Open collector {open-drain)

Each channel individually
programmable as active drive
{push-pull} or open collector
(open-drain)

TTL.LVTTL. CMOS
~-0.5105.8 V with respect to GND

47kQuosv

USB-6006/6009 User Guide and Specifications
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Digital logic levels

Level Min Max Units

Input low voltage -03 0.8 v
Input high volege 2.0 3.8 v
Input leakage current — 50 LA
Output low voltage (I = 8.5 mA) — 0.8 A
Output high vollage

Active drive {push-pull). I = -8.5 mA 20 35 \Y

Open collector (open-drain), [ = -0.6 mA. nominal 2.0 5.0 vV

Open collector (open-drain). I = -8.5 mA. with external 2. — \Y

pull-up resistor

External Voltage

+3 V output (200 mA maximum)..........

+2.5 Vooutput {1 mA maxiumum)...........

+2.5 V accuracy .o

Reference temperature drift....................
Counter

Number ol counters ...

Resolution ...

+5 V typical, +4.85 V minimum

+2.5 V typical
0.25% max

50 ppm/°C max

1

32 buts

Edge counting (falling-edge)

Counter direction ... Count up
Pull-up resistor.......ocov 47kQw0s5YV
Maximum input frequency ... 5 MHz
Minimum high pulse width.................... 100 ns
Minimum low pulse width...................... 100 ns

Input high veltage ... . 20V

[nput low voltage ..., 08V

USB-6008/6009 User Guide and Specifications 22
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Bus Interface
USB specification ... USB 2.0 full-speed

USB bus speed ... ... . ORI 12 Mb/s

Power Requirements
USB
41010525 VDC S0 mA typical. 300 mA max
USB suspend.....ocoooo 300 A typical. 500 gA max

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.

Dimensions
Without connectors ... 635 cmx 851 em x 231 em
{250 in. x 3.35in. x 0.90in.}
With connectors ..o 8.18cmx 8.5 ¢cm x 2.31 ¢m
(3221in.x 335in.x 091 in.)
1/O connectors ... USB series B receptacle,
{2} 16 position terminal block
plug headers
Weight
Wilh connectors ..., 84 g (3 0z
Without connectors ...............o.oo.... 54 g (1.9 0z)
Screw-terminal wWiring..........oocoooe 161028 AWG
Torque for screw terminals ... 0.22-025N " m

(20-221b - m.

Safety
Standards

The USB-6008/6009 15 designed to meet the requiremnents of the following
standards o! safety for electrical equipment for measurement, conurol, and
laboratory use:

« IEC61010-1, EN6I0OI0-1
= UL 61010-1
*  CAN/CSA-C22.2 No. 61010-1

@ National Instruments Corporation 23 USB-6006/6009 User Guide and Specifications

63



Note For UL and other safety certifications. refer 1o the product label. or visit
ni.com/certification, search by model number or product line, and click the

appropriate link i the Certification column.

A Caution

Voltages

Connect only voltages that are within these limits.

Channel-to-GND . =30 'V max.
Measurement Category |

Measwrement Categery 11s for measurements performed on circuits not
directly connected to the electrical distribution system referred to as
MAINS voltage. MAINS is a hazardous live electrical supply systern that
powers equipment. This category is for measurements of voitages from
specially protected secondary cireuits. Such voltage measurements include
signal levels, special equipment. limited-energy parts of equipment.
circuits powered by regulated low-voltlage sources, and electronics.

Do not use this module for connection (o signals or for measurements within

Measurement Cutegories II, 111, or IV,

Environmental

Hazardous Locations

The USB-6008/6009 are not certified lor use in hazardous locations.

The USB-6008/6009 device is intended for indoor use only.

Operating temperature
(IEC 6U068-2-1 and IEC 60068-2-2}.....0 10 55 °C

Operating humidity

(IEC 60068-2-56) ... e ——— .5 10 93% RH. noncondensing
Maximum altitude...... ] 2000 motat 25 °C ambient
temperature)

Storage temperature
{IEC 60063-2-1 and IEC 60068-2-2).....—4 10 85 °C

Storage humidity
(IEC 60068-2-56) i 5 to 90% RH. noncondensing

Pollution Degree (IEC 60664) ... 2

USB-6008/6008 User Guide and Specifications 24 ni com
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Electromagnetic Compatibility

EImMisSions ..o EN 55011 Class A at 10 m
FCC Part 15A above 1 GHz

Immwnity ... P P Industrial levels per
EN 61326:1997 + AZ:2001.
Table 1

EMC/EMI ..o CE, C-Tick, and FCC Part 15

{Class A) Compliant

Note The USB-6008/6009 may experience temporary variations in analog input readings
when exposed to radialed and conducted RF noise. The device returns to normal operation
alter RF exposure is removed.

CE Compliance
This product meets the essential requirernents of applicable European
Directives, as amended for CE marking, as follows:

Low-Vollage Directive {safety)........... 73/23/EEC

Electromagnetic Cempaltibilily
Directive (EMCr ., 89/336/EEC

Note Refer to the Declaration of Conformity (DoC) for this product for any additional
regulatory compliance information. To obtain the DoC for this product, visit
ni . com/certification, search by model number or product line. and click the
appropriate link in the Certification colunn.

Where to Go for Support

The National Instruments Web site is your complete resource for technical
support. Atni.com/support you have access to everything from
troubleshooting and application development sell-help resources lo email
and phone assistance from NI Application Engineers.

A Declaration of Conformity (DoC is our claim of compliance with the
Councit ol the Eurapean Communities using the manufacturer’s
declaration of conformity. This system affords the user protection for
electronic compatibility (EMC) and product safety. You can abtain the DoC
for your product by visiting ni . com/certification. If your product
supports calibration. you can obtain the calibration certificate for your
product al ni . com/calibracion.

© National instruments Corporation 25 USB-6006/6009 User Guide and Specifications
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National Instruments-corporate headquarters is focated-at

11500 North Mopac Expressway, Austin, Texas, 7§759-3504.

National Instruments aiso has offices located around the world to help
address your support needs. For (elephone support in ithe United Staies.
create your service request al ni . com/supporet and follow the calling
instructions or dial 512 795 8248. For telephone suppert outside the United
States. contact your local branch office:

Australia 1800 300 800, Austria 43 0 662 45 79 90 0,
Belgium 32 02 757 00 20, Brazil 55 11 3262 3599,

Canada 800 433 3488, China 86 21 6355 7838,

Czech Republic 420 224 235 774, Denmark 45 43 76 26 00,
Finland 38509 725 725 11, France 33 0 | 48 14 24 24,
Germany 49 0 89 741 31 30, India 91 80 41190000,

1srael 972 03 6393737, [taly 39 02 413091, Japan 81 3 5472 2970,
Korea 82 02 3451 3400, Lebanon 961 0 1 33 28 28,
Malaysia 1800 887710, Mexico 01 800 010 0793,
Netherlands 31 0 348 433 466, New Zealand 0800 553 322,
Norway 47 0 66 90 76 60. Poland 48 22 3390150,

Portugal 351 210 311 210, Russia 7 495 783 68 51,
Singapore 1800 226 5886, Slovernia 386 3 425 42 00.

South Africa 27 0 11 805 8197, Spain 34 91 640 0085,
Sweden 46 0 8 587 895 00, Switzerland 41 36 200 51 51,
Taiwan 886 02 2377 2222, Thailand 662 278 6777,

United Kingdom 44 0 1635 523545

National Instruments, Ni, nr.com, and LabVIEW are trademarks of Nabienal Instruments Corporation
Refar to the Terms of /se section on ni . coin/ legal for more mformation about National
Instruments trademarks. Other product and company names mentioned herein are trademarks or trade
names of their respeclive companies. For patents covering National Instruments products, refer to the
appropriate location: Help»Patents in your software, the patents . txt file on your CD, or

i . Ccom/patents.

© 2004-2006 National Instruiments Corporation. All rights reserved 371303G-01 Nov06
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NI 6230 Specifications

Speciticavens histed below are typical at 25 °C unless otherwise noted.

Analog Input

Number of channels ...................4 differential or Cresstalk tar 100 kHz)
8 single endled Adjacent channels =75dB

Channel (¥pe .o Voltage input Non-adpacent channels ... —90 dB

ADC resolution ... ... 16 bits Small signal bandwidih (-3 dB)..... 700 kHz

DINL o e e No missimg codes Input FIFO 8128, 4,095 samples
guaranteed Scan list memory .o 4095 entries

INL o Refer to the A7 Absnluic Data transfers.. oo DMA (scauver-gatheri.

Acvenraey Fable .
- m LC”‘UPI\\‘

Sumpling rate programmed [/O

Maxuum 250 K5/ Overvoltage pratection (Al <0..7> with respect 1o Al GND)
Mintwum.. -0 8/ Device ON e +25 Viforupto
Timing accuracy ..o 30 ppm of sample rate lwo Al pins
Timing resolution ... ns Device off . +13 Vforup to
. two Al ping
Input coupling . ..., [RPUIORURRT TP DC
_ Inpus current during
TAPULRNZE o DV XS Y avervollage condition. ... ... L 2A maxfA L pin
|V 202V
Muximum working voltage Settling Time for Multichannel Measurements
For amalog mpats o Refer wo the Mavimun Accurucy. full scale step. all ranges
Working Veliage section £90 ppm of step (£6 LSB) ... + ps convert interval
CMRR (DC t0 60 HZ)roovereeeees 95 dB +30 ppm of step (2 LSB}......... 5 s convert inlerval
{with respect to Al GND) I3 ppmofstep {1 LSB) ... 7 s convert interval

Input impedance

Device on

Al+ OAITGND .. 210G paralled
with 100 pF

Al ALGND = 0G0 i parallet
with |00 pF

Device off
Al+ 10 ATGND ... RUSUN 8202
Al-to ATGND ... .. 82082
Input brus current . 100 pA

VNATIONAL
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Typical Performance Graphs

Seltling Error Versus Time for Difierent Source linpedances
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Analog Output Calibration (Al and AQ)

Number of channels.... ... 4 Recommended warm-up time ..., ... 13 minutes
Channel tvpe .o L Vollage output Calibration interval ... Yy
DAC reselution .o 16 bits

DINL e ...+l LSB

Monotonicity ..., 16 bit guaranteed

Maximun update rage

I ehannel, o 300 kS/s
2channels oo 430 kS/s per channel
3channels 423 kS/s per channel
4channels 400 k5/s per channel
TIMING 4CCUTACY . vvrericie e 50 ppny of sample rate
Timing resolution............... RIS 50 ns
QUIPULTENEES e 10V
OULPUE CoupiNg Lo, DC
Output impedance ... 040
Output carrent drive oo 25 MA
Overdrive proleclion ... =23V
Overdrive currenl.......ooooooovnn. 13 mA
Power-on state. ... ... +20m¥
Power-on ghitch! .. =2V for 2y
Power-off glitch™ ..., |00 mV for 330 ms
Output FTIFO size ... 819] sumples shared
wnong channels used
Data transfers ... [RTPE DMA (scatter-gather),
interrupts,

programmed [/O

AQ waveform modes:

= Non-periodic wavelorm

+ Periodic wavelorm regeneration mode {rom onbourd FIFO

+ Periodic wavelorm regeneration from host bufter mmciuding
dynamic update

Settling ume, full scale step

15ppm (1 LSB) .o IR L6

Slew rate ... FEI VS

Gliteh energy
Magnitude. . 100 mY

DUradion o RETH

! For the earlier version of the PCI-6230 (192233B-011, refer to the Nf 6230 Specificarions document. 371672A-01,
Tanuary 2006 revision.

* When outputting 0 V on power down from the analog owput channet

© National Instruments Corporation 3 NI 6230 Specifications
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Al Absolute Accuracy Tahle

Nominal Range Residnal _‘
T Residual Ottset Offset Absolute
GainError Gain Error Tempco INLError Randnm Aceuracy
Positive Negative (ppm of Tempeo Reference (ppm of {(ppm of (ppm of Noise, ¢ at Ful} Sensitivity”

Full Scale Full Scale Reading) (ppm/°C) Tempco Range} Range/°C) Range) {p Vrms) Seale’ (1 V) Hv)

10 =10 75 34 5 20 57 76 244 3,100 H 97.6

3 -5 85 25 5 20 60 76 122 1.020 48.5

] -1 s 24 5 25 79 70 30 3ot 120

0.2 -2 135 25 5 s 175 76 13 112 52

Absolute Accuracy = Reading - (GainError) + Range - (OffsetError) + NowiseUncertainty

Offseikrror = Residual ATOfTsetEor + OffsetTempen -1 TempChangeFromLastinternaiCaby + INL_Eiror

RundomNoise . 3 . . . )
Noiselfncertamty = —=2 /_::---fé- Fora coverage facter of 3 a and averaging 100 pomts.
L1100

" Absolute uccuracy at full scale on the unalog inpul channels is determined using the following assumptions:

TempChangeFromLastExternalCal = 10 °C

TempChangeFromLastnternaiCal = | °C

nnber _of_readings = 100

CoverageFactor = 3 g
For exinmple, on the 10V range. the absolule acowacy at Tull scale is as follows:
GainError = 130 ppm
OffsetError = 133 ppm

GainError =75 ppm + 25 ppmi - | + 5 ppm - 1)

Oftsetlirrer = 20 ppm + 57 ppm - 1 + 76 ppm

_ 244V 3
Jo

Absolute Aceuracy = 10V - (GainFrror) + 10V - (OffsetError) + NoiseUncertainty - Absolute Accuracy = 3.100pV

NowselUncertainty Noisellncertainty = 73 4V

PSensitiviry is the smallest voltage change that cun be detected. Hos o function of nomse.

Accuravies bsted are valid for up to one year from the device external calibrabon.

GumnError = Residual AlGamError + GainTempeo - (TempChangelFromLastInternalCaly + ReferenceTempeo - ( TempChangeFromLastExternalCal)

04
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AD Absolute Accuracy Table

Nominal Range Residual Absolute
" Residual Guin Offset Error Offset Tempeo INL. Error Accuracy at
Positive Negative Error (ppm of Gain Tempeo Reterence tppm of (ppm of (ppm of Full Seale!
Full Scale Full Scale Reading) (ppm/°C} Tempceo Range) Range/°C) Range) (V)
10 —in 90 10 5 40 5 128 3.230

AbsoluleAccuracy = OutputValue - (GamError) + Range - (Offse(Error)

Acvuracies listed are vahid for up 1o one year from the device external calibsation.

" Absolute Accuracy al fult scale numbers is vahd immediately fotlowing intzrnat calibration and assumes the device is operating within 10 °C of the last external calibration.

GuinError = ResidualGainError + GainTempeo - (TempChangelFromLastinternalCal} + ReferenceTempeo - { TempChangeFromLastExiernalCal)
OffsetError = ResidualOffsetBrror + AOOffsetTempeo - (TempChangeFromLastInternalCaly + INL_Error




Digital 1/0/PFI

Static Characteristics

Number of chunnets...........

bnput

QUpul o

Ground reference

Direction control ...

D total

6 (PF1 <0 55/P0 <} 5

A (PFT 26.92/P] <. 3>

..DGND

Fixed. hines are
unidirectional

Inpul voltage protection' ... £20 'V on up 10 two pins

PFI/Part 0/Port 1 Functionality
PFL <0 5>/PU<0.3> .

PFT1 <6.9=/P1 <) 3>

Timing oulpul SOUICeS ...........

Debounce (e setings. ...

Digital input Characteristics

Statie digital inpul.
Liming input

Static digital output,
Liming output

Mauny Al AO, counter,
timing signals

125 ns. 6.425 ps.

254 ms, disable:

high and low transiitons;
selectable per input

Level Min Max
Vi input low voltage av 08V
¥y input high veltage R 325%
Ij, input fow current (V= 0V —_ -10uA
Ly inout hieh current (V=3 V) i — 10 pa

| J

Digital Output Characteristics

Guaranteed output levels

Parameter Yoltage Level Current Level
Yo 0.4V T mA J
- 06V ' 10 ma i
You ’ 8V —24 mA
4.0V -6 mA

Maximum operation conditions

Level l Min Max J
IoL output low cuirent i ‘
Pl.<0. 3> | - I0mA
i
Lo output high current f
Pl <0.3> J - “2mA

General-Purpose Counter/Timers

Number of counter/imers.............. 2

Resolunon o 32 ity

Counter measurements, ... ... . Edge counting.
pulse,
semi-perivd.
period.
two-edge separation

Position measurements ... X1, X2, X4 quadrature
encocing with
Channel Z relowding:

twvu-pulse encoding

Output applications . ... Pulse. pulse train with
dynamic updates.
frequency division,
equivalent time sampling

Internal base clocks................. 80 MHz,
20 MHz.
0.1 MHz
External base clock Trequency ... () MHz 10 20 MHz

Buse clock wocuracy ... S0 ppm

Inputs e . Gate. Source, HW _Arm,
Aux. A. B, Z. Up_Down

.. Any input PFL RTSI,
PXI_TRIG.
PXI_STAR.

many internal signals

Routing options for inputs

FIFO ... 2 samples

Data transters .o .. Dedivuted scatter-gather
DMA controller tor each

counler/timer,

interrupes,
programmed /O

I Stresses bevond those hsted under lnpui voltage prorection may cause permanent damage to the device.
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Isolation Effects

Maxtmum propagauon delay through isolator

Digral inputs.........0 35 s
Digital outputs oo 43 ns

Propagation deluy skew between channels

tmputs and oulputsy 15 ns
Frequency Generator
Number of channels ... 1

Base clocks LAOMHz, 100 kHz
DIvisors oo Itoi6
Base clock ueeuraey -l 50 ppm

Output can be available on any output PEI or RTSI terminal.

Phase-Locked Loop (PLL)

Number of PLLs ..o

Reference signal...................... PXI_STAR,
PXI_CLKIO.
RTS1 <0..7>

Output of PLL ..., 80 MHz Tunebase:

other signals derived
from 80 MHz Timebase
mncluding 20 MHz and
100 kHz Timebhases

External Digilal Triggers

SOLFCE L Any mput PFI, RTSL
PXL_TRIG.
PXI_STAR

Polarity oo Software-sclectable

for most signals

Start Trigger,

Reference Trigger
Pause Trigger,

Sample Clock,

Convert Clock.

Sample Clock Timebuse

Analog input function ...

Analog output funetion.,......_..... Start Triggar.
Pause Trigger,
Sample Clock,
Sample Clock Timebase

Counter/timer funclions
Aux, A, BLZ Up_Down

CGate, Source. HW _Arm.

73

Device-Ta-Device Trigger Bus

PCldevices.. o RTST <075

Pxldevices L PXUTRIG <0 75,

PXI_STAR

JOMHz Reterence Clock:
lrequency generator
crrput:
many internal signals

Debounce fiher settings................ 125 ns. 6,425 s,
284 ms. disubled:
bigh and Jow transitions:
selectable per input

Bus Interface

PCHor PXT oo 3.3 Vor3 Vsignal
environment

PXI-6230 davices can be installed in PXT slots or PX1 Express
hybrid slots

DMA channeds. ... e ~A analoy input,

analog output,
counter/timer 4.
counter/timer |

Power Requiremenis
Current draw from bus during no-load condition
+3V 035 A

12V 2 mA

Current draw from bus during Al and AQ overvoltage
condition

5V e LG0T A
H2V i, e 20 mA

Physical Requiremenis

Printed circuit board dimensions

NIPCT-6230... oo 97cmx 155cm
(3.8 « 6.1 in.)
NIPXI-6230 .. Standard 3U PX]I
Weizht
NIPCI-6230. i 10 g (38 0z)

NIPXI-6230 e 130 g 3.2 02

I/O connectog .A7-pin D-SUB

' In other sections of this document. 878 refers to RTST <0.. 7> lor PCI devices or PXT_TRIG <0..7> for PX1 devices.

@ National Instruments Corporation
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MaXImum wgrk"‘]g UU"age1 Figure 1 illustrates the maximum working voltige
Channel-to-eartk ground® specifications.

withstund lest

Continuous . ... £30 Vims/60 VDO
Meusurement Cutegory ¥ )
Withstand ... <840 Vrms/1200 VD, Isiated Front £rd g:ifn‘lirib ’
velrified by a5 sdielectric V, = Al ¢AD x
withstand test !
[V
Channei-to-bus? & PrIx J
Continuous ... 230 Vrms/60 VDC V. —mee &1 GNDAAD GNOD GND ’
Measurement Category 17 |
Withstand ... ... ..<]300 Vims/1950 VDC. <, Isalation Banier I
verified by a 3 s dielectric v f

Lv Gus

Analog channel to Al GND/AO GND
fin Figure 1. [V, =V |y..........<ilV, Y
Measurement Category T* =
Digital chunrel 1o D GND Figure 1. NI 6230 Maximum Working Voltage
(inFigure 1.V, =V ... . ..<523V,
Measurement Category 17 .
y Environmental
A Caution This device js rated for Measurement Maximum altitude ... 2.000 m (at 25 °C
Category [ and the voltage across the isolation ambient remperature)
barrier ts limited (o no greater th_an Pollution Pegree ..., 2
30 Vrmys/60 VDC/42.4 V. continuous. Do nor use
for measurements within Categories [T, IIL or TV, Tndoor use only,

Operating Environment

Ambient temperature range ... G 1o 35 °C (Tested
mn accordunce with
[EC-60068-2-1 and
[EC-60068-2-2.)

Relative humidity range ... 10% 10 90%.
nancondensing  Tested
inaccordance with
[EC-60068-2-30.)

Storage Environment

Ambient emperature range ... —40 10 70 °C (Tested
in accordance with
[EC-60068-2-1 and
[EC-60068-2-2)

U Maxinume seorking voltage refers to the signal voltage plus the comman-mode voltuge.

S n Figure 1oV, = V|t - v and SV - Vgl

i Measurement Category [is for measurements performed on circuits not divectly connecled to the electrical dislribution systam
referred 10 as MAINS voltage. MAINS 15 a hazardous live electrical supply system that powers equipment. This category 15
for measurements cf voltages from specially protected secondary circuits. Such vollage measurements include signal levels,
special equipment, limited-energy parts of equipment, circuits powered by regulated low-voltage sources. and electronics.

S In Figure 11V, - vl Ty, - v and [V = VL

Nf 6230 Specifications 8 nl.com



LAY Lo 3%
nercondensing (Tested
i accordance with
[EC-60068-2-36.)

Relative hunndiy range ...

Shock and Vibration (PXI Only)

Operational shock .............. oo 30 g peak, half-sine,
1] ms pulse
(Tested in accordunce
with IEC-680068-2-27,
Test protile developed
in accordance with
MIL-PREF-28800F.)

Random vibration .

Operaling ............ ... RSN 310500 He, 0.3 g,
50500 Hz, 2.4 g,
tTested in accordance
with [EC-60068-2-64.
iNonoperating test profile
excerds the requiraments
ol MIL-PRF-28800F.
Class 3.)

NOMUPETAINE -\ .

Safely

This product is designed to meet the requirements of the
following standards of satety for electrical equipment for
measurement, control, and laboratory use:

. IEC 61010-1. EN-61010-1
. UL &1010-1, CAN/CSA-C22.2 No 61010-1

Note For UL and other safety certifications, refer
to the product label or visit ni. com/
sertification, search by model number or
product line, and click the appropriate link in the
Ceruficauon column,

Electromagnetic Compatibility

This product is designed Lo meet the reguirements of the
following standards of EMC for electric
measurement. control. and laboratory use:

al equipment for

. EN 61326 EMC reguirements: Mimimum Immunity
. EN 33011 Emisstons: Group 1. Class A
. CE. C-Tick. ICES. and FCC Part 13 Emissions: Cluss A

Noie

according o product documentation.

For EMC compliunce. operate this device

© National instruments Corporation

CE Compliance

This product meets the essential requirements ot applicable

European Directives, as amended for CE marking. as follows:

' T3/23/EEC. Low-Voltuge Directive (safely)
. 89/336/EEC: Elecuomagnetic Compatibility Directive
{EMC)

B Note Reter to the Decluration of Contormity
(DaCy lor this product for amy additional regulatory
compliance information. To obtain the DoC for this
product. vistini com,certificatrion. search by
mode!l number or product line. and click the
appropriate link i the Certification column,

Waste Electrical and Electronic
Equipment (WEEE)

ﬁ EU Customers At the end of their life cycle, all
products must be sent 1o a WEEE recycling center,
For more information abowt WEEE recycling
centers and National Instruments WEEE initiatives.

VISIt ni . com/environment /weee htm.

NI 6230 Specitications
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AlD
Al'S

Al GND

Al 2

Al'7

Al GND

AD 0

AO GND

NC

AD 2

AQ GND

NC

PFI 1/P0.1 (Input)
PFI 2/P0.2 (Input)
PFI 4/P0.4 (Input)
PF! 5/P0.5 (Input)
PFi 7/P1.1 (Qutput)
PFI 8/P1.2 (Qutput)

—1 1

120
25
221
B
Sl
ey
Elyy
127 ]
22 0
129 157
Elery
Eulrry
32 4]
{78
5218
—— 17
%5 8
KAy

Al 4
Al GND

Al

A6

Al GND

Al 3

AOQ GND

NC

AO 1

AQ GND

NC

AQ 3

PF10/P0.0 {Input)

D GND

PFI 3/P0.3 (input)

D GND

PFI 6/P1.0 (Output) |
D GND '
PFI 9/P1.3 (Output)

NC = Ng Connect

Figure 2. NI6230 Pinout

National instruments, Ni, ni.com, and LabVIEW are trademarks of National Instruments Corporation
Refer to the Terms of Use section on ri . com: lagal for mare information about Nationa!
Instruments trademarks. Other product and company names mentigned herein are trademarks or frade
names of their respective companies. For patents covering National Instruments products, reter to the
appropriate location: Help-Patents in your software, the patencs .tz file on your CO, or

ni.com/patents

@ 2006 National Instruments Corporation. All rights reserved

371672C-01

MayQd6
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TOSHIBA

77
TLP250

TOSHIBA FPhotocoupler

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP230 consists of a GaAlAs light emiiting diode and a

ntegrated photodetector.
This umt is §-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

+ Input threshold current: IF=5mA(max.)

« Supply current {ICC): 1 1mA(max.}
+  Supply voltage (Vee): 10-35V
« OQutput current (10} £1.3A (max.)

» Switching time (tpLH/tpHL): 1.5ps(max.)

» Isolation voltage: 2500V ns(min.)

UL rccognized: UL1577. file No.EG7349

» Option (D4) type

VDE approved: DIN VDE(0884/06.92 certificate No. 76823

Maximum operating insulation voltage: 630VPpP[s

Highest permissible over voltage: 4000Vpis

{Note) When a VDEDB84 approved type is needed,
please designate the “option (D4)"

+ Creepage distance: 6.4mm(min.)

Clearance: 6.4mm{min.}

Schmatic
Icc
Q2 Vee
' 8
IF (Te )
2+ o —©° WV
O_l [o]
w Pﬁ{ oLl
3 PAd Vo
lo 6
T (T 2)
4 %  GND
5

A 0.1pF bypass capciior must be
connected between pin 8 and 5 (See Note 5).

Truth Table
Tr1 Tr2
Input Oon On off
LED off off On

GaAlAs Ired & Phoio-IC

TLP250

Unit in mm

b _?]_1!'[} fd b
St 3 RS e

[SRORr R

£
reitim 7oimseaze
TOSHIBA 11-10C4
Weight: 0.54 g

Pin Configuration (top view)

1
2]
3 (]
o[

—e
]
]
=]

:{‘;‘?’T 1

*—
LI T
o fo.)

IN.C.

: Anode

. Cathode
N.C.

: GND

' Vo (Culput)
Vo

tVee

O~ Mt bR -

2004-06-25
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ie 20 mA
Forward current derating (Ta 2 70°C) Mp/ATa -0.36 mA/°C
u.j Peak transient forward curent {Note 1) IFet 1 A
Reverse voltage VR 5 v
Junction temperature Ti 125 °C
"H"peak output current (Pyy < 2.5us,1 < 15kHz) {Note 2) lopH -1.5
“L"peak output current (Pyy < 2.5ps,f s 15kHz) {Note 2) lopL +1.5
{Tas70°C) 35
Output voltage Vo vV
. (Ta = B5°C) 24
:&’; {Ta £70°C) 35
2 | Supply voltage Voo V
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AV /AT -0.73 Ve
Supply voltage derating (Ta 2 70°C) AVeo /ATa -0.73 VitC
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 e
Storage temperature range Tsty -55~-125 °C
Lead soldering temperature (10 s) {Note 4) Tsol 260 °Cc
Isolation voitage (AC, 1 min., R.H.£ 60%) (Mote 5) Bvg 2500 vmms

Note 1 Pulse width Py < 1us, 300pps

Note 2: Exporenential wavefom

Note 3: Exporenential wavefom, lopy € -1.0A( < 2.5us), lopL = +1 0A( < 2.5us)

Note 4 It is 2 mm or more from a lead root.

Note 5. Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together

Note 6: A ceramic capacitor(0. TpF} should be connected from pin 8 to pin 5 to stabilize the cperation of the high
gain linear amplifier, Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) SFrONy 7 8 10 mA
Input voltage, off VF{OFF) 0 — 0.8
Supply voitage Voo 15 — 30 20
Peak output current lopH/lopL — — +0.5
Operating temperature Topr -20 25 70 85 °C

Note 7: input signal rise time (fall tme) < 0.5 us.

2004-06-25
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Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
input ferward voltage VE — IF=10mA Ta=25C 1.6 1.8 i
fTemperature coefficient of AVE/ATa _ IF =10 mA _ 20 _ mv 7 °C
orward voltage
Input reverse current IR — Vr=5V, Ta=25C — 10 HA
Input capacitance Cr — V=0 f=1MHz Ta=25C — 45 250 pF
g IF=10mA
-0.5 -1.5 —
H" level loPH 3 Voo = 30V Vo=~ 4V
Qutput current 1) A
W o IF=0
L" level lopL 2 Vg5 = 2.5V 05 2 —
e Ve = +15V VEgs = —15V o
H” level VoH 4 RL = 2000 IF = 5mA 11 12.8
Output voitage v
. Voot = +15V, VEp = =15V . B B
L" level VoL 5 Rl < 2000, Vi = 0.8V 14.2 12.5
Ve = 30V, IF = 10mA _ . N
"H" level lccH — Ta=25°C
Voo = 30V, IF = 10mA — - 11
Supply current mA
Voo = 30V, IF = 0mA o 75 o
‘L™ level lcoL — Ta=25°C
Vee =30V, IF = OmA — — 1
Threshold input “Output e | Veer =15V VEg = -15V o 12 5 mA
current L—H R =2000. Vg > 0V
Threshold input “Output IFHL _ |VYecor= 415V VEE = -15V 08 _ _ v
voltage H—L" R = 2000, Vg < OV ‘
Supply voltage Vo — 10 — 35 %
Qapacitance Cs - Ve=0 -f = 1MHz — 1.0 20 pF
{input—output) Ta=25C
= vV, Ta =25° 12 14
Resistance (input-outpul) Rs - \FQSH;‘SS% a=25C %10 10 - Q
* All typical values are at Ta = 25°C  (*1): Duration of I time = 50ps
3 2004-06-25
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L~H tolH — 0.15 0.5
delay time Heul tpHL le = 8mA {Note 7) — 0.15 0.5
6 Voo = 15V, VEgT = 15V us
Output rise time tr R = 2000 — — —
Output fall time ty — — —
Common mode transient
) : X VoM = 600V, IF = BmA
immunity at high level CmH 7 Voc = 30V, Ta = 25°C -5000 — — Vips
output
Common mode transient
h VoM = 600V, IF = OmA
immunity at low level CmL 7 Veg = 30V, Ta = 25°C 5000 — — Vips
output
* All typical values are at Ta = 25°C
Note 7: Input signal rise time [fall time) < 0.5 ps.
4 2004-06-25
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TOSHIBA TLP250
Test Circuit 1 : Test Circuit 2 : {OPL
8
1 [ a L [:
[ :| T 01pF
Vee
0 g, +
) E :I . ) E ]_“ lopL o
|
s 77 77
Test Circuit 3 ; IOPH Test Circuit 4 : VOH
8 8
1 1 1 il In
I Voo J» I Vee
= 01pF + ] T 01uF T
IF V8-g Ir R,
ZE H & iy
i lopH | VaH
] T+ +[ In
| i 7?7
TVEET
Test Circuit 5 : VgL
i SI-
f_[ T O.1pF 1 Vees
VE R(
VoL ;
4 [ ]—“ s
| L]’ VEE /
5 2004-06-25
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TOSHIBA TLP250

Test Circuit 6: tp H, tpHL, tr lf

[ BER
.
_I—-I_IF 1 0.1pF 1 Vot
® [ ] Vo T
! I R
i | A?
1000 [ }' |
1 vees ' '
T
1
Test Circuit 7. Cp. CML
8
1{] -
sw IF IU.'H.IF
iw—lw_’ :| T | Vee
Ao'o B T
j I”'_E ]‘— 9 Vo
a 14
Vem
™ -
s 1
600V
VoM
P Co - 480V
)
(VA = T
Vo — av ﬁ
/M

CHL
SWB(Ig=0)

CML{CMH) is the maximum rate of rise {fall} of the common mede voltage that can be sustained with the output
voltage in the low (high) state.

§) 2004-06-25
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TLP250

{mA)

IF

Forward current

Allowable forward current

Allowable peak output current

{mA}

i3

(A)

lopn, lopL

100

50
30

Loth

Ta=25°C

IF = VF

]
My

05
0.3

01

g0s
0.03

001

40

30

20

Forward voltage VE (V)

Ip-Ta

20 41 6o 80 oa

Ambient temperature Ta {°C)

lop, lopL - Ta

T T T T T
PW = 25ps 515 KHz

0

20 40 60 80 100

Ambient Temperature  Ta {°C]

Forward valtage temperature
coefficient AVE/! ATa{mv /"C)

)

Allowable supply valtage Ve

-26

o
P

~
I

ra
=]

=3

@

AVET ATa-If

I
If4
r

i

a1 03 05 1 3 5 10 30

40

Forward current IF (mA}

Ve - Ta

30

20

G 20 40 81 80 1060

Ambient temperature Ta  {"C)
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

« The information contained herein is subjecl to change without notice.

» The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of TOSHIBA or others.

« TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSH!BA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a maifunction or failure of such TGSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure thal TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA preducts specifications. Also, please keep in mind the precautions and conditions set forth in the
"Handling Guide for Semiconductor Devices,” or "“TOSHIBA Semiconductor Reliability Handbook™ etc

+ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment. office equipment. measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury ("Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments. medical instruments, ail types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer's own risk.

» The products described in this document are subject to the foreign exchange and foreign trade laws.

« TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold. under
any law and regulations

s+ GaAs{Gallium Arsenide) is used in this product. The dust or vapor 1s harmful 1o the human body. Do not break, cut, crush ar
dissolve chemically.

8 2004-06-25
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l UC1825

INFO
uc2825
I available UC3825

High Speed PWM Controller

FEATURES
» Compatible with Voltage or Current Mode
Topologies

» Practical Operation Switching Frequencies
to 1MHz

¢ 50ns Propagation Delay to Output

» High Current Dual Totem Pole Outputs
{(1.5A Peak)

s« Wide Bandwidth Error Amplifier

» Fully Latched Logic with Double Pulse
Suppression

* Pulse-by-Pulse Current Limiting
e  Soft Start / Max. Duty Cycle Controf
s Under-Voitage Lockout with Hysteresis

» Low Start Up Current {1.1mA)

BLOCK DIAGRAM

DESCRIPTION

The UC1825 family of PWM control ICs is optimized for high fre-
quency switched mode power supply applications, Particular care
was given to minimizing propagation delays through the comparators
and logic circuitry white maximizing bandwidth and slew rate of the
error amplifier. This controller is designed for use in either cur-
rent-mode or voltage mode systems with the capability for input volt-
age feed-forward,

Protection circuitry includes a current limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin
which wili double as a maximum duty cycle clamp. The logic is fully
latched to provide jitter free operation and prohibit multiple pulses at
an output. An under-voltage lockout section with 800mV of hysteresis
assures low start up current. During under-voltage lockout, the out-
puts are high impedance.

These devices feature totem pole outputs designed to source and

sink high peak currents from capacitive loads, such as the gate of a
paower MOSFET. The on state is designed as a high tevel.

_________________________ 1

Clock |4
RT [5

CTI?G;,*

\
; 125V

PWM Latch
{Set Dom.)
A

Wide Bandwidth
Errer Amp

Error{ NI (2]
amp | INV [ }F—— u:hibit“

P

Ramp [T
E/A Out[3} '

L

|
|
|
|
|
|
|
|
|
|
I
|
Toggle F/F Ve
T Qut A

Soft Start [:th

1LIM
CPRTR
i 14| Qut B
! 1A Shutdown .
LM/ SD @_ CPRTRA Pwr Gnd
| 1.4V
‘ 1
| — "Output '
- Inhibit" |
Voo Internal
i gV o,r . Bias |
U G
Gnd hJ_E} e a  REFL
[ _?L"Vcc Good” é Gen

UDG-92030-2

SLUS235A - MARCH 1997 - REVISED MARCH 2004



ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (Pins 13, 15). ... .. ... ... .. ... ... 30V
Output Current, Source or Sink {Pins 11, 14)

DC 0.5A
Pulse (0.5 s) . ... .. 2.0A
Analog Inputs

(Pins 1,2, 7). . . O03Vie 7V
(PINB,9) ... .. .. .. . i -0.3V to 6Y
Clock Cutpul Current (Pind)y. .. .. ... ... ... ... -5mA
Error Amplifier Qutput Current (Pin 3) .. .. .. ..., ... 5mA
Soft Start Sink Current (Pin8) ..................... 20mA
Oscillator Charging Current (Pin &) .. .. .......... .. .. -5mA
Power Dissipation . ... ...... ... ... ... ... . .. .. .... 1w
Storage Temperature Range. . ... ... .. .. .. -65°C fo +150°C
Lead Temperature (Soldering, 10 seconds) . ... . ... .. 300°C

Note 1. All voltages are with respect to GND (Pin 10); all cur-
rents are positive into, negative out of part; pin numbers refer to

86

Uc1825
uc2s25
CONNECTION DIAGRAMS Uc3825
DIL-16 (Top View)
J or N Package

[ " |
Inv { 1] [16] vaer 5.1v
ni{2] [15] vee
E/A Out[3] Hzlcul B
Glock [4] 113]ve
a5 [12]Pwr Gnd
cr[e] m]out A
Ramp [7] [1¢)ana
Soft Start@ E]\LIM!SD
(N

DR-16 package. PACKAGE PIN FUNCTION
Note 3: Consult Unitrode Integrated Circuit Databook for thermal
limitations and considerations of package. PLCC-20 & LCC-20 FUNCTION PIN
(Top View) N/G 1
S0OIC-16 (Top View} Q & L Packages INYV Z
DW Packa o —
ge E/A Out P4
i Clock ; 5
L__N/C .6
|NVE] ~ €] VReF 5.1V '3 2 1 2019 RT :E 7
E E \_J CT i 8
NI Voo 4 18 Ramp 9
E/A Out[3] 4out B 5 171 Soft Start 10
Clock[4] 3] v 6 160 N/C 11
ILIM/SD 12
rr[5] EPwr Gnd 7 150 Gnd 13|
cr(E] [out A 8 14 Qut A 14
Ramp[7] 6] Gnd CRUERERT E E‘:‘g Snd -%g i
Soft Start|s 9]ILIM/SD Ve ‘ 17
. OutB 18
L Voo 19
| VREF 5.1V i 20
THERMAL RATINGS TABLE - —
i Package BJa QJc
1 DIL-16J j 80-120 ; 28"
DIL-16N 90! ! 45 |
PLCG-20 43-75(1) 34
LCC-20 70-80 20
SOIC-16 50-1201" 35

{1} Specified ®ya (junction to ambient) is for devices mcunted to 5in® FR4 PC board with one ounge copper where noted. When re-
sistance range is given, lower values are for 5in? aluminum PC beard, Test PWB was 0.062in thick and typically used 0.635mm
trace widths for power packages and 1.3mm trace widths for non-power packages with 100 x 100 mil probe land area at the end of

each trace.

(2) By data values stated were derived from MIL-STD-1835B. MIL-STD-1835B siates that the baseline values shown are worst
case (mean +2s) for a 60 x 80mil microcircuit device silicon die and applicable for devices with die sizes up to 14400 square mils.
For device die sizes greater than 14400 square mils use the following values; dual-in-line, 11°C/W; fiat pack 10°C/W: pin grid array,

10°C/W.
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UC1825
UCz825
UC3825

ELECTRICAL CHARACTERISTICS: Uniess otherwise stated, these specifications apply far , RT = 3.65k, CT = inF, Vcc
=15V, -55°C«<Ta<125°C for the UC1825, 40°C<Ta<85°C for the UC2825, and 0°C<Ta<70°C for the UC3825, Ta=To

! UC1825 UC3825
PARAMETERS TEST CONDITIONS Uc2s25
i MIN | ToP | Max | MIN | ToP | max |uNnITS
Reference Section ) B
Output Voltage 'To = 25°C, o = 1mA 505 | 510 | 515 | 500 [ 510 | 620 | v
Line Regulation {10V < Voo < 30V 2 20 L2 26 | mv
Load Regulation 1mA < i0 < 10mA 5 20 5 20 mvy
Temperature Stability* TMIN < Ta < TMAX 0.2 C.4 0.2 0.4 |mvirC
Total Output Variation* Line, Load, Temperature 5.00 1520 | 485 525 Vi
Gutput Noise Voitage™* t0Hz < < 10kHz 50 { 50 pv
Long Term Stability* Ty = 125°C, 1000hrs. 5 | 25 5 25 | mv
" Short Circuit Current VREF = OV -15 -50 -100 -15 -50 | -100 mA
Oscillator Section
initial Accuracy* TJ=2°C 360 400 440 360 400 440 kHz
Voltage Stability” 10V < Vee < 30V 0.2 2 02 2 %
. Temperature Stability TMIN < Ta < TMax 5 5 %
' Total Variation* o Lipe, Temperature 340 460 | 340 1460 | kHz
Oscillator Section (cont.) ~ .
Clock Qut High ] 39 45 39 | 45 v
Ciock Qut Low L 23 | 29 23 | 29 | v |
Ramp Peak* 26 ¢ 28 3.0 28 23 3.0 v
Ramp Valley* 0.7 10 | 1.25 t 0.7 1.0 1.25 v
Ramp Valley to Peak® 1.6 1.8 2.0 1.6 1.8 20 v
Error Amplifier Section . o
Input Offset Voltage L i 15 mY
Input Bias Current . 08 3 06 3 LA
i Input Offset Current E a.1 1 0.1 pA
| Open Loop Gain 1V < Vo < 4 60 | 95 60 | 95 dB
CMRR 1.5V < VoM < 5.5V 75 95 75 95 dB
PSRR 10V < Vce = 30V 85 110 85 110 dB |
Qutput Sink Current Veing = 1V 1 25 1 25 mA
Qutput Source Current VPN g = 4V -05 ' 13 -0.5 -1.3 mA
__ Output High Voltage L lPIN3 = -0.5mA 40 | 47 | 50 | 40 | 47 | 50 | v
| Output Low Voltage PN = 1mA 0 ‘o5 | 10 05 | 10 | v
Unity Gain Bandwidth* l B 3 55 3 55 MHz
| Slew Rate* , 6 12 L 12| Vius
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uc1825
ucC2825
ucC3825

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for . RT = 3.65k, CT = 1nF, Vce
=15V, -55°C«<Ta<125°C for the UC1825. —-40°C<Ta<85°C for the UC2825, and 0“C<Ta<70°C for the UC3825, Ta=T)

|

* This parameter not 100% tested in production but guaranteed by design.

uc1825
PARAMETERS TEST CONDITIONS uc2825 VC3825
{ o MIN | TOP [ MAX | MIN | TOP | Max [UNITS
PWM Comparator Section
i Pin 7 Bias Current VPINT = OV L - -5 -1 -5 LA
I Duty Cycle Range 0 | 80 0 85 %
Pin 3 Zera DC Threshold VPin 7 = OV 1.1 1.25 1.1 1.25 v
Delay tc Output* 50 | 80 50 | 80 | ns
Soft-Start Section _ ]
i Charge Gurrent VPiNg = 0.5V 3 9 20 3 9 20 uA
Discharge Current VPING = 1V 1 ; 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0<VPiNG <4V 15 ‘ |10 [ pA |
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 1.1 V
Shutdown Threshold 1.25 1.40 1.55 1.25 1.40 1.55 V
Delay to Qutput 50 g0 50 80 ns
Output Section
Cuiput Low Level louT = 20mA 025 | 040 025 | 040 \4
lout = 200mA 1.2 2.2 1.2 22 v
Cutput High Level lout = -20mA 13.0 | 135 13.0 | 135 vV
‘ louT = -200mA 12.0 | 13.0 120 130 |V
| Collector Leakage Ve = 30V 100 | 500 110 | 500 | pA
Rise/Fall Time* CL =1nF 30 60 30 60 ns
: Under-Voltage Lockout Section
Start Threshold . 88 | 92 | 96 | 88 | 92 | 96 | V
UVLO Hysteresis C.4 0.8 1.2 0.4 0.8 | 1.2 1
Supply Current Section !
Start Up Current Ivee = 8y 11 ] 25 11 | 25 1 mA
ICC iVP!N 1, VPINT, VPING = OV, VPiN2 = 1V 22 33 22 33 | mA




Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper perfor-
mance of the UC1825 follow these rules: 1) Use a ground
plane. 2) Damp or clamp parasitic inductive kick energy
from the gate of driven MOSFETs. Do not allow the out-
put pins to ring below ground. A series gate resistor or a

pacitor.

shunt 1 Amp Schottky diode at the output pin will serve

Error Amplifier Circuit

39

Uc1825
Uc2825
uc3gzs

this purpose. 3} Bypass Vcc, V¢, and VREF. Use 0.1uF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-

[ ugci1ezs

Simplified Schematic

Open Loop Frequency Response
100

80
60

40

Av (dB)

-180
10M 100M

10K 100K 1M

FREQ (Hz)

100 1K

16| VREF 5.1V

Zﬂ Errar Amp
Qutput

Unity Gain Slew Rate

PWM Applications

Conventional {(Voltage Mode})

A e

uci1s2s
[oh)

! e
Oscillator |
i

= . From E/A

Current-Mode

Wcmasi

ISWITCH

AV

Oscillator

1. 25\/
Ramp

RSENSE
Fram E/A

* A small filter may be required to
suppress swilch noise.




Oscillator Circuit
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UC1825
UC2825
UC3s25

400p A

100K

R (Ohms)

FREQ (Hz)

Deadtime vs Ct (3k Rr 100k)

470
220
@1
=
= 047
022
410
L7
0047 10 22 47 00 2 47 100
Cr (nF)
Deadtime vs Frequency
160
a0 JL’/
T 420
g
160 :
40
10k 100% 1M
FREQ (Hz)

Synchronized Operation

Two Units in Close Proximity

{ uc1825 L uC1825 uc1gzs ! uc1B2s
Clock[4] -———4]Clock ! VREF[ig * | r
I 10uF [2N222
ig] vRer | ‘ = ‘ |
Rt . Clock[4] ‘ |
5 —AAn- —5IRT ‘ T R 43 0.11F \ 115 R
RTT £ - ‘ R [Ehvn w—'m—l% — pwslRe
| | ) } 43 0.14F l | ;
\ Local ) | or p L= o
CT6r—+<Ramp ﬁ (o) ‘ | : 43 0ApF 24 r
T L | cr T gl CT
wasier ] 17 L7 s |
- - Master a7e S\avesr 24 Slave
Local - — E Local
Ramp Ramp

Generalized Synchronization




Forward Technique for Off-Line Voltage Mode Application
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uc1825
ucagz2s
Uc3szs

VIN

Constant Volt-Second Clamp Circuit

The circuit shown here will achieve a constant
volt-second product clamp over varying input voltages.
The ramp generator compenents, RT and CR are cho-
sen so that the ramp at Pin 9 crosses the 1V threshcld
at the same time the desired maximum volt-second
product is reached. The delay through the functional
nor block must be such that the ramp capacitor can be
completely discharged during the minimum deadtime.

Output Section

Simplified Schematic

Vour (V}

Rise/Fall Time (CL=10nF)

2
IL (A}

Vsar

VouT (V)

0 160 200 300 400 500

Time {ns)

40 80 120 160 200

Time (ns)

Saturation Curves
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Uc1825
uc2825
Open Loop Laboratory Test Fixture UC3825
Uc18z5
4 Clockl vee
RT3.65k
5|RT Oscillator
CT1.0nF v
B> cT 5 ¢
Out a1
50
% Out B
= 22k Pwr
Gnd
Gnd
V REF
10k 51V
3.3k
1 -
UDG-92032-2

This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-

UC1825's functions and measuring their specifications.  pass procedures should be followed. The use of a
ground plane is highly recommended.

Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency

+
Vin 42-56V % 3800

1k
NC [4]cik 1 o
(5] Ry W 120pF !
1.5k L_ Gnd J ;E;Opf—_ i
= T T O0duF

UDG-82033-3
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PACKAGE OPTION ADDENDUM

17-Jan-2008

PACKAGING INFORMATION

2

Orderable Device Status |V Package Package Pins Package Eco Plan @ Lead!Ball Finish MSL Peak Temp i@
Type Drawing Gty : i
5962-87681022A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type I
i 5962-8768102EA ACTIVE cpip J 16 1 TBD Ad42 SNPB N/ A for Pkag Type
| 5962-B768102V2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type
| 5062-8768102VEA ACTIVE CDIP J 16 1 TBD Ad42 N/ A for Pkg Type
5962-B768102XA OBSOLETE TO-92 LP 28 TBD Call TI N A for Pkg Type
UC1825Al4 ACTIVE CDIP J 16 1 TBD A42 SNPB N/ A for Pkg Type
UC1825A.8838 ACTIVE CDIP J 16 1 TBD Ad2 SNPB N/ A for Phg Type
uc1825aJaMLV ACTIVE coip J 16 TBD Call T Call Tl .
UC1825AL ACTIVE LCcC FK 20 1 TBD POST-PLATE N/ A for Pkg Type i
UC1825AL883B ACTIVE LcCC FK 20 1 TBOD POST-PLATE N/Afor Pkg Type |
UC1825ALP883B OBSOLETE  TO-82 LP 28 TBD Call TI N/ A for Pkg Type '
uc1825ALQMLY ACTIVE LCCC FK 20 TBD Call Tl Call Tl
uc28z250w ACTIVE soIC ow 16 40 Green {(RoHS & CU NIPDAU  Level-2-260C-1 YEAR |
: no Sh/Br) |
I 1
= UC28250WG4 ACTIVE S0IC DW 16 40 Green{RoHS& CUNIPDAU Level 2260C-1 YEAR |
no Sb/Br) ;
UC2825DWTR ACTIVE S0IC Dw 16 2000 Green(RoHS & CUNIPDAU Level-2-260C-1 YEAR
no Sb/Br}
UC2825DWTRGY ACTIVE S0IC DWW 16 2000 Green{RoHS & CU NIPDAU Leve!-2-260C-1 YEAR
no Sh/Br)
ucz825J ACTIVE coP 186 1 TBD A4Z SNPB  N/Afor Pkg Type |
UC2825N ACTIVE FDIP N 18 25 Green (ROHS & CUNIPDAU N/ A for Pkg Type 1
no Sh/Br) |
: UC2825NG4 ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N /A for Pkg Type
no Sb/Br) ;
UCz2825Q ACTIVE PLCC FN 20 46 Green (RoHS & CU 5N Level-2-260C-1 YEAR '
no Sb/Br) i
UC2825Q6G3 ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR .
no Sb/Br) '
UC2826QTR ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no ShiBr)
: UC2825QTRG3 ACTIVE FLCC FN 20 1000 Green {RoHS & CU SN Level-2-260C-1 YEAR
| no Sh/Br}
; UC38250w ACTIVE SoIC Dw 16 40 Green (RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no ShiBr) i
UC3825D0WG4 ACTIVE S0IC Dw 16 40 Green (RoH3 & CUNIPDAU  Levei-2-260C-1 YEAR
5 no ShiBr}
UC38250WTR ACTIVE SQIC Dy i6 2000 Green(RoHS & CU NIPDAU  Level-2-260C-1 YEAR ‘
no SbiBr)
UC3825DWTRG4 ACTIVE soIC oW 16 2000 Green (RoH5 & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
uC38254 ACTIVE CDIP 16 1 TBD Ad42 SNPB N/ A for Pkg Type |
UC3825N ACTIVE PDIP N 16 25 Green(RoHS & CU NIPDAU N/ A for Pkg Type !
na Sb/Br) ’
UC3825NG4 ACTIVE PDIP N 16 25 Green{RoHS & CUNIPDAU N/ A for Pkg Type
: no SbiBr)
| ucsszsa ACTIVE  PLCC PN 20 46 Green(RoHS&  CUSN __ Level2.260C-1 YEAR

Addendum-Page 1
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B Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS

www lI.com 17-Jan-2008

? Orderable Device Status 'V Package Package Pins Package Eco Plan | ead/Balt Finish MSL Peak Temp i
: Type Drawing Qty |
E no Sb/Br) !
E UC3825QG3 ACTIVE PLCC FN 20 46  Green (RoHS & CU SN Level-2-260C-1 YEAR °
no Sk/Br) |
UC3825QTR ACTIVE PLCC FN 20 1000 Green {RoHS & CU SN Level-2-260C-1 YEAR i
no ShiBr) !
UC3825QTRG3 ACTIVE PLCC FN 20 t000 Green (RoHS & CU SN Level-2-260C-1 YEAR .

no Sb/Br)

) The marketing status vaiues are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended far new designs. Device is in production to support existing customners, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Ti has discontinued the production of the device

2 Eco Plan - The ptanned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no SbiBr) - please check
hitp v ti comdproducteantent for the latest avarability infermation and additional product conlent details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be saldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) iead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwse considered Pb-Free [RoHS
compatible} as defined above.

Green (ReHS & no Sb/Br): T! defines "Green" to mean Pb-Free (RoHS compatible}, and free of Bromine (Br} and Antimony {Sb) based flame
retardants (Br or Sb do not exceed Q.1% by weight in homogeneous material)

B msL, Peak Temp. -~ The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Infermation and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowiedge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Ti and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's hability arising out of such information exceed the total purchase price of the Tl part(s) atissue in this document sold by Tl
to Customer on an annual basis.

Addendum-Page 2
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*3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
ww.li.com . 19-Dec-2007

TAPE AND REEL BOX INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

Cavity < —>! AD -

{

A0 | Dimension designed to accommaodate he component'width

B¢ | Dimension designed W accommodate lhe component lengih
K0 | Dimension designed Lo accommodate lhe component thickness
T W | Overall width of the carrier lape

P1 | Pitch between successive cavily cenlers

“C Rael Widih

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

A0 000000 — - Sprockgt Holes

N
Pocket Quadrants

Device Package| Pins Site Ree! Reel Al {mm) B0 (mm) KO {(mm) P1 w Pind
Diameter| Width {mm) | {mm) [Quadrant
{mm)} {mm}
UC2825DWTR Dw 16 { SITE 4 330 16 10.85 10.8 2.7 12 16 o1
UC2825QTR FN 20 | SITE4 330 Q0 10.3 103 4.9 12 16 a1
UC3825DWTR ow 16 | SITE 41 330 16 10.8% 10.8 2.7 12 16 o1
UC3825QTR FN 20 | SITE 41 330 Q0 10.3 10.3 4.9 12 16 [&]]

Pack Materials-Page 1
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PACKAGE MATERIALS INFORMATION

19-Dec-2007

TAPE AND REEL BOX DIMENSIONS

~ T~ ,_.//
- &
Device Package Pins Site Length {mm} | Width {(mm) | Height {(mm)
UC28250WTR DwW 16 SITE 41 346.0 346.0 33.0
UC28250TR FN 20 SITE 41 346.0 346.0 33.0
UC38250WTR Dw 16 SITE 41 348.0 346.0 33.0
UC3825QTR FN 20 SITE 41 346.0 346.0 33.0

Pack Materals-Page 2
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CERAMIC DUAL IN-LINE PACKAGE

J (R=GDIP—Tx+)

14 LEADS SHOwWN

PING 1
oI 14 16 18 20
. 0300 | 0300 | 0300 | 0300
e B (762 | (762 | (762 | (7.62)
" . BsC B5¢ 8s¢ as¢
0.785 | 840 | 0.960 | 1.060
AnnnNnnn T B MAX ] (19.94) | (21,34) | (24.38) | (26.92)
c 8 MK — | — — | —
l 0.300 | 0.300 | 0.3t0 | 0.300
IVAVAVAVAVAN C MAX (782) | (1.82) | (7.87) | (7.62)
i I I ; ! 0.245 | 0245 | 0220 | 0.245
0.065 (1,65) C M s | (& : \
% 5o (1714) (6,22) | (6,22) | (5.59) | {6.22}
0.060 (1,52
—» — 0.005 {0,13) MIN 9.015 (0,38}
)
0.200 (5.08) MAX
- ¢ Sealing Plane
¢ 130 (3,30) MIN
il 0.026 (0.66) ]
’_’""_0.014 10.36) ) L 0
-» {0100 {254)] 0.014 (0.36%
0.008 (0.20
4040083 /F 03/03
NOTES: A, All finear dimensions are in inches (millimeters).

8
C.
D
3

This drowing is subject to change without nolice.
This pockoge is hermeiically secled with ¢ cergmic lid using gloss {ril.

Index point is provided on cap for terminagl identificalion only on press ceramic gloss frit seal only.

Fatls within MIL STD 1835 GOIPi-T14, GOIP1-T16, GOIPL-T18 aad GDIP1-T20.
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MECHANICAL DATA

MLCCO006B - OCTOBER 1996

FK [S-CQCC-N*)
2B TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

——

/ NO. OF A f B ]
TERMINALS b=
T‘ | o MIN | MAX | MIN | Max
| 20 0.342 0.358 0.307 0.358
(8.69) (5,09) (7.80) (9.09)
- 0.442 0,458 0.406 0.458
‘ (11.23) ¢ (1163 | oan | (1163
i 0540 | 0860 | 0495 | 0.560
{16,26) | (16.76) | (12.58) | (14,22)
AS _ - C
Q o 0.739 0.761 0.495 0.560
(18,78} 1 (19,32} | (12,58} | (14.22)
| e 0938 | 0962 | 0850 | 0858
(23,83} | (24.43) {21.6) (218)
[ s 1141 ] 1185 1.047 1.063
28.99) | {29.59 26.6; 27.00
L B |_ | { ) ! ( ) ‘ { h i‘_ifJ
0.020(0,51) _ . | . 0.080 (2,03)
0.064 {1,63)

soia(azs M
0.010 (0,25} f l___}

-4 0020(051)

""" ) 0.010(0,25) F—
0.055 (1.40) _—
0‘045.(1'14) 0.045 (1,14) |
~ 0.035{0,89) —
0.028 (0,71) 4l # i : 0.045 (1,14)
0.022 (0,54) | | 0.035 (0,89)
|
' 6.050 {1,27)
4040140/D 10/96
NOTES: A. Al linear dimensions are in inches {milimeters}.
B. This drawing is subject lo change without notice.
C. This package can be hermetically sealed with a metal Iid
D The terminals are gold plated
E. Falls within JEDEC MS5-004

‘t? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL DATA

N (R—PDIP—T**)

PLASTIC DUAL—IN—LINE PACKAGE

16 PINS SHOWNM
e N PING *¢
< A >
o 14 16 18 20
16 : 0775 | 0775 | 0820 | 1.060 |
ATt W s W W e B e B e B | ACMAX | (ogs) | (19,69) | (2337) | (26,32)
0.250 (6,60) A 0.745 0.745 0.850 0.940
) 0240 (5.10) MR (18.92) | (18.92) | (21.59) | (23.88)
J A [ MS-001 " l
L RGPy s g e gy s e VARIATION BB AC AD
1 8
J L 0.070 {1,78)
0045 (1.14)
0.045 {1,14) 0.325 {8,26)
— rf T 030 (0.76) Ay 0020 (0.51) Mitv RS
’] 1 \ h 0.015 (0.28)
0.200 {5,08) MAX ] = —chuge Plone

0,100 {2,54)

0.021 {0,53)
3615 (0.38)

[ ]0.010 (0.25)@]

Seating Plane

/\——\ ~
ﬂ?\,
L

T 0.125 {318} MiN

|
|
—J 0.430 (10,92} MAX

f—

14/18 Pin Only

20 Pin vendor option &

— 0010 [0,25) NOM

4040049/6  12,/2002

NOTES: A
8.

All linear dimensions are in inches {millimeters).
This drawing is subject to change without notice.

/L\ Falls within JEDEC MS-001, except 18 and 20 pin minimum body tength {Dim A}
& The 20 pin end lead shoulder width is o vendor option, either half ar full width.

"{‘ Texas
INSTRUMENTS

www ti.com
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MECHANICAL DATA

MPLCOD4A - OCTOBER 1994

FN (S-PQCC-J™) PLASTIC J-LEADED CHIP CARRIER

20 PIN SHOWN
Seating Plane
- —wr 221 0.004 (0,10}
- A br20G0m
— - '
D1 > i 0.090 (2,29)
I —» | 0.020 (0,51) MIN
3 1 13
I N N N A A J
0.032 (0,81)
R D 0.032(0,81)
! i S 0.026 (D,66)
4] _! 18 :
§ i T
§ i
- * s
e & i | R R
CA -
; i | F S ] # D2/E2
| — i .
8 ! [ 14 L J — o 1
l i | N
\ i i
i
; b ¥
l \. J ______j______l k-—--._. |
T J 7 J ] (o050 .27) | | 0.021(0,53
g 13 i ‘ 0.013{0,33)
0.008 {0.20) NOM — ¥ 4— €] 0.007 (0.18) ()]
NO. OF D/E D1/E1 D2/E2
PINS
- MIN MAX MIN MAX MIN MAX
20 0.385(9,78) | 0.395{1003}: 0.350 (8,89) | 0.356(3.04) | 0.141(3,58) | 0.189 (4.29)
28 0.485 (12,32) | 0.495(12,57) | 0450 (11,43) | 0.456 (11,56) | ©.191(4,85) | 0.219(556)
44 0.685 (17.40y | 0.695{17,65)  0.650 (16,51) | 0.655 (16.56) | 0.291{7.39) | 0.319 (810} |
52 0.785(19.94) | 0.795(20.19; | 0.750{19,05) | 0.756 (19.,20) | 0.341{(8.66) | 0369 (9.37) |
too88 0.985(25.02) | 0.995(25.27) 1 0950 (24,13) | 0.958 124.33) | 0.441(11.20) . 0.469 (11.91)
T 1_155(30,10); 1.995 (30,350 1.150(29,21)| 1.188 (29.41) | 0.541{13,74) 3 0.569 (14.45)
! e —
4040005/B 03/35

NOTES: A Alllinear dimensions are in inches (millimeters).
8. This drawing is subject to change without nolice
C. Falls within JEDEC MS-018

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



MECHANICAL DATA

DW (R—PDSO-G16) PLASTIC SMALL—OQUTLINE PACKAGE
i 0.413 {10,50) N
|‘ 0.398 (10,10} "

ERELERE: |

’ 0.393 {597}

l
HHHHHHHH l

0050 (1,27) 00]2 031

index Area
GDIO 025)@

0.299 (7,60}
0.291 (7,40)

| 0612 (0,30)
0104 (2,65) Mox 0.004 (010)
0.013 {0,33)
0.008 {0,30) ‘l \
£ ]
¢10.004 {0.10)
4,
Gauge Plane # e Seating Plane
T‘H\ $
0.010 (0,25}
0.050 (1,27)
0.016 (0.40)

4040000-2/F 0672004

All linear dimensions are in nches (millimeters}).
This drawing is subject to chonge without notice.
Body dimensions da not include mold flash or protrusion not to exceed 0.008 {0,15)

Falis within JEDEC M5-0'2 variation AA

NOTES:

G o®me

"if TEXAS
INSTRUMENTS

www.ti.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (T{} reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers shouid
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and cenditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to suppost this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
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