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Abstract

Frequency counters in general can be bought on the open market with a time constant of
100 to 200 ms. The problem the Los Alamos Lab is having, is they want to get a fast frequency
response for a sample that is exposed to a high magnetic field for only 20 ms with a decay lasting
up to 800 ms. For the critical first 20 ms, there is no cheep hardware today that can lock onto this
fast frequency change from 200 kHz up to 2-3 MHz in such a short time. The proposed
arrangement is to lock onto the sample frequency by using a counter clocked at a very high
frequency (100-140 MHz), and is reset by the signal itself that is going to be measured. The
output of the counter would be inversely proportional to the sample frequency, with a minimum

value at the clocking rate.



Introduction

As was explained above the magnet lab (MST-NHMFL) needs a fast reaction frequency
counter. To be able to do this a few parts were selected, a counter, clock, and a latch as the core
stuff needed to fulfill this requirement. A digital to analog converter will be use to output a
voltage that would be related to the sample signal that we want to measure. The minimum
frequency that the device would be able to measure without causing any ambiguities is related to

the equation below.

_ Clocking _ Frequency

F min = o(L+number _of _bits) (Eq. 1)

If a 100 MHz clock were use with a 12-bit system the minimum frequency that could be

recorded would be 12.2 kHz.

Materials Used

AD9752- 12-bit, 125 MSPS High Performance D/A Converter.

MC74AC4040- 12-Stage Binary Ripple Counter.

MC74ACT374- Octal D-Type Flip-flop.

AD8001- 800 MHz, 50 mW Current Feedback Amplifier.

MX045- 80.000 MHz Clock Oscillator.
Design Specifications/ Procedure

A general outline of the specific function of the counter is shown below in Figure 1.
Since the D/A converters that work above 100 MHz are mostly surface mount chip (SOIC) and
due to the time constraint an evaluation board was bought from the chip manufacture. For the 12-

bit input to the evaluation board a common IDE computer cable was used. All other chips were



selected to be through holes (DIP). For actual large-scale production the entire chip selection
would probably be surface mount to reduce any intrinsic effects (capacitance coupling and wire

inductance within the breadboard).
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The biggest problem will come from the unknown sample. The sample will not only have an

unknown frequency but also the amplitude will be unknown. The diagram in figure 1 only works



under TTL condition of 0-5 volts. The obvious step to create a TTL signal from the input would
be by using a comparator (an op-amp with an output equal to 5 volts when input is bigger than
zero and 0 volts when input is less than zero volts). One problem with a comparator by itself is it
doesn’t take into account the noise within the signal that would trigger the comparator sometimes
at an unwanted time, creating jumps around the reference voltage (zero volts). To fix this we
need to include a hysteresis to a comparator similar to figure 2. The change in Vin should be big
enough so it takes into account any noise that is expected. The perfect solution to this problem

would be by using an Schmitt Trigger as shown in figure 3a, and an example in figure 4a.
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Figure 3a shows two Schmitt triggers. The hysteresis of the Schmitt trigger can be found by

using equation 2 shown below, were Vyigh and Vo are related to the op-amp voltages used.

. Rin
Hysteresis = (Vhigh —Viow) *m (Eq. 2)

By changing the level of the Schmitt trigger you can delay a waveform in time (figure 4b). The
time delay will be dependent on the amplitude and the frequency of the input. For example if you
set the trigger level to 100 mV of a 200 mV signal you will get a delay of 30 degrees shown in
equation 3. Once the trigger level is bigger than the input signal, the output will become a

constant.

" Trigger _Level, 4

6=s
Signal _ Level (Eq.3)




Signal in and single out of Scmitt Trigger

2 — Input
1 — Output

Voltage

Figure 4a Time

One problem that was not foreseen while testing the circuit in the arrangement as shown in figure
1 is that two assumptions were made.
1.) That the output of the Schmitt trigger has a rise time approximately equal to zero or the
latch (Setting) and the counter (Resetting) both get triggered at the same voltage level.
2.) That the propagation delay through the counter is much bigger than the settling time of
the latch.
The problem arise when the one of the two assumption are not met. In this case the system
will latch onto a reset value (all zeros) of the counter and make all the data irrelevant. Two
ways of modifying the input is to delay the signal going to the counter. We could use two
Schmitt triggers that have a different trigger level as shown in figure 4b. At low frequencies
the time delay may be sufficient but at high frequencies the time delay will not only be
shorter, but will be more sensitive to noise, thus making the delay more unpredictable from

two different trigger sources.



Different trigger levels of Figure 3a
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The second option to fix this problem is to speed up the signal going to the latch after the noise
gets triggered from one Schmitt trigger (figure 3b). This is a basis RC circuit. The advantages of
this circuit is that the time delay is constant and isn’t frequency or amplitude dependent (since
the amplitude is roughly constant out of the Schmitt trigger) (figure 4c). Since the time delay is
constant, the output is only valid for a certain frequency range. The rise time needs to be at least
two times that of the frequencies used. Using two different Schmitt circuits to solve this basic

problem dramatically limits the maximum frequency that can be attained.

Speed up Output from figure 3b
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What’s Next

Next step is nearly completed. First, a board will be created that can be manufactured
with the 1C’s that were used on the prototype breadboard. This will get rid of intrinsic effects of
the breadboard such as capacitive coupling. Also the resistor will be replaced with surface mount
devices. A general version being connected to the manufactures evaluation board through an IDE

cable is shown in figure 5a and a self-sufficient board is shown in figure 5b.
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Conclusions

In general all the values seemed to be what were expected. An additional buffer (delay
line) could be added to fix the problem of creating a time delay to the counter. Only after
manufacturing and assembling the boards shown in figures 5a and 5b can it be certain what
effects the prototype board caused on the circuit. From this point on any person with common
knowledge in circuit design and assembly will be able to continue this research with minimum

difficulty.
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Appendix A: AD9752 Data Sheet
12-bit, 125 MSPS High Performance D/A Converter
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ANALOG
DEVICES

12-Bit, 125 MSPS High Performance

TXDAC® D/A Converter

AD3752*

FEATURES

High Performance Member of Pin-Compatible
TxDAC Product Family

125 MSPS Update Rate

12-Bit Resolution

Excellent Spurious Free Dynamic Range Performance

SFDR to Nyquist @ 5 MHz Output: 79 dBc

Differential Current Outputs: 2 mA to 20 mA

Power Dissipation: 185 mW @ 5V

Power-Down Mode: 20 mW @ 5V

On-Chip 1.20 V Reference

CMOS-Compatible +2.7 V to +5.5 V Digital Interface

Package: 28-Lead SOIC and TSSOP

Edge-Triggered Latches

APPLICATIONS
Wideband Communication Transmit Channel:
Direct IF
Basestations
Wireless Local Loop
Digital Radio Link
Direct Digital Synthesis (DDS)
Instrumentation

PRODUCT DESCRIPTION

The AD9752 is a 12-bit resolution, wideband, second generation
member of the TxDAC series of high performance, low power
CMOS digital-to-analog-converters (DACs). The TxDAC family,
which consists of pin compatible 8-, 10-, 12-, and 14-bit DACs, is
specifically optimized for the transmit signal path of communica-
tion systems. All of the devices share the same interface options,
small outline package and pinout, thus providing an upward or
downward component selection path based on performance,
resolution and cost. The AD9752 offers exceptional ac and dc
performance while supporting update rates up to 125 MSPS.

The AD9752’s flexible single-supply operating range of 4.5 V to
5.5 V and low power dissipation are well suited for portable and
low power applications. Its power dissipation can be further
reduced to a mere 65 mW, without a significant degradation in
performance, by lowering the full-scale current output. Also, a
power-down mode reduces the standby power dissipation to
approximately 20 mW.

The AD9752 is manufactured on an advanced CMOS process.
A segmented current source architecture is combined with a
proprietary switching technique to reduce spurious components
and enhance dynamic performance. Edge-triggered input latches
and a 1.2 V temperature compensated bandgap reference have
been integrated to provide a complete monolithic DAC solution.
The digital inputs support +2.7 V to +5 V CMOS logic families.

TxDAC is a registered trademark of Analog Devices, Inc.
*Protected by U.S. Patents Numbers 5450084, 5568145, 5689257, 5612697 and
5703519. Other patents pending.

REV. 0

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.
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The AD9752 is a current-output DAC with a nominal full-scale
output current of 20 mA and > 100 kQ output impedance.

Differential current outputs are provided to support single-
ended or differential applications. Matching between the two
current outputs ensures enhanced dynamic performance in a
differential output configuration. The current outputs may be
tied directly to an output resistor to provide two complemen-
tary, single-ended voltage outputs or fed directly into a trans-
former. The output voltage compliance range is 1.25 V.

The on-chip reference and control amplifier are configured for
maximum accuracy and flexibility. The AD9752 can be driven
by the on-chip reference or by a variety of external reference
voltages. The internal control amplifier, which provides a wide
(>10:1) adjustment span, allows the AD9752 full-scale current
to be adjusted over a 2 mA to 20 mA range while maintaining
excellent dynamic performance. Thus, the AD9752 may oper-
ate at reduced power levels or be adjusted over a 20 dB range to
provide additional gain ranging capabilities.

The AD9752 is available in 28-lead SOIC and TSSOP packages.
It is specified for operation over the industrial temperature range.

PRODUCT HIGHLIGHTS

1. The AD9752 is a member of the wideband TxDAC product
family that provides an upward or downward component selec-
tion path based on resolution (8 to 14 bits), performance and
cost. The entire family of TxDACs is available in industry
standard pinouts.

2. Manufactured on a CMOS process, the AD9752 uses a
proprietary switching technique that enhances dynamic
performance beyond that previously attainable by higher
power/cost bipolar or BICMOS devices.

3. On-chip, edge-triggered input CMOS latches interface readily
to +2.7 V to +5 V CMOS logic families. The AD9752 can
support update rates up to 125 MSPS.

4. A flexible single-supply operating range of 4.5V to 5.5 V and
a wide full-scale current adjustment span of 2 mA to 20 mA
allow the AD9752 to operate at reduced power levels.

5. The current output(s) of the AD9752 can be easily config-
ured for various single-ended or differential circuit topologies.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



AD9752—-SPECIFICATIONS

DC SPECIFICATIONS (r,,, to Ty, AVDD = +5V, DVDD = +5 V., Ioyes = 20 mA, unless otherwise noted)

Parameter Min Typ Max Units
RESOLUTION 12 Bits
DC ACCURACY!
Integral Linearity Error (INL)
Ta=+25°C -1.5 +0.5 +1.5 LSB
TMIN to TMAX -2.0 +2.0 LSB
Differential Nonlinearity (DNL)
Ta= +25°C -0.75 10.25 +0.75 LSB
TMIN to TMAX -1.0 +1.0 LSB
ANALOG OUTPUT
Offset Error -0.02 +0.02 % of FSR
Gain Error (Without Internal Reference) -2 +0.5 +2 % of FSR
Gain Error (With Internal Reference) -5 +1.5 +5 % of FSR
Full-Scale Output Current? 2.0 20.0 mA
Output Compliance Range -1.0 1.25 \%
Output Resistance 100 kQ
Output Capacitance 5 pF
REFERENCE OUTPUT
Reference Voltage 1.14 1.20 1.26 \Y%
Reference Output Current’ 100 nA
REFERENCE INPUT
Input Compliance Range 0.1 1.25 \Y
Reference Input Resistance 1 MQ
Small Signal Bandwidth 0.5 MHz
TEMPERATURE COEFFICIENTS
Offset Drift 0 ppm of FSR/°C
Gain Drift (Without Internal Reference) +50 ppm of FSR/°C
Gain Drift (With Internal Reference) +100 ppm of FSR/°C
Reference Voltage Drift 50 ppm/°C
POWER SUPPLY
Supply Voltages
AVDD 4.5 5.0 5.5 A%
DVDD 2.7 5.0 5.5 \%
Analog Supply Current (Iyypp)* 34 39 mA
Digital Supply Current (Ipypp)’ 3 5 mA
Supply Current Sleep Mode (Iaypp)® 4 8 mA
Power Dissipation’ (5 V, Ioyrss = 20 mA) 185 220 mW
Power Supply Rejection Ratio—AVDD -0.4 +0.4 % of FSR/V
Power Supply Rejection Ratio'—DVDD —-0.025 +0.025 % of FSR/V
OPERATING RANGE -40 +85 °C
NOTES

'Measured at IOUTA, driving a virtual ground.

*Nominal full-scale current, Ioyrgs, is 32 X the Ixgp current.
3Use an external buffer amplifier to drive any external load.
*Requires +5 V supply.

*Measured at fop ocg = 25 MSPS and Iy = static full scale (20 mA).

®Logic level for SLEEP pin must be referenced to AVDD. Min Vi = 3.5 V.

"+5% Power supply variation.

Specifications subject to change without notice.

REV. 0



AD9752

(Tyn to Tyax, AVDD = +5V, DVDD = +5 V, lgyres = 20 mA, Differential Transformer Coupled Output,

DYNAMIC SPECIFICATIUNS 50 Q Doubly Terminated, unless otherwise noted)

Parameter Min Typ Max Units

DYNAMIC PERFORMANCE
Maximum Output Update Rate (fcrock) 125 MSPS
Output Settling Time (tsr) (to 0.1%)" 35 ns
Output Propagation Delay (tpp) 1 ns
Glitch Impulse 5 pV-s
Output Rise Time (10% to 90%)! 2.5 ns
Output Fall Time (10% to 90%)! 2.5 ns
Output Noise (Ioytrs = 20 mA) 50 pANHZ
Output Noise (Ioytrs = 2 mA) 30 pANHz

AC LINEARITY
Spurious-Free Dynamic Range to Nyquist
fCLOCK =25 MSPS, fOUT =1.00 MHz
0 dBFS Output

T, = +25°C 75 84 dBc

—6 dBFS Output 76 dBc

—-12 dBFS Output 81 dBc
fCLOCK =50 MSPS, fOUT = 1.00 MHz 81 dBc
fCLOCK =50 MSPS, fOUT =2.51 MHz 81 dBc
fCLOCK =50 MSPS, fOUT =5.02 MHz 76 dBc
fCLOCK =50 MSPS, fOUT =14.02 MHz 62 dBc
fCLOCK =50 MSPS, fOUT =20.2 MHz 60 dBc
fCLOCK =100 MSPS, fOUT = 2.5 MHz 78 dBc
fCLOCK =100 MSPS, fOUT =5 MHz 76 dBc
fCLOCK =100 MSPS, fOUT =20 MHz 63 dBc
fCLOCK =100 MSPS, fOUT =40 MHz 55 dBc

Spurious-Free Dynamic Range within a Window

fCLOCK =25 MSPS, fOUT =1.00 MHz 84 93 dBc
fCLOCK =50 MSPS, fOUT =5.02 MHZ, 2 MHz Span 86 dBc
fcrock = 100 MSPS; fout = 5.04 MHz; 4 MHz Span 86 dBc

Total Harmonic Distortion
fCLOCK =25 MSPS, fOUT = 1.00 MHz

T, = +25°C 82 74 dBc
fCLOCK =50 MHZ, fOUT =2.00 MHz -76 dBc
fCLOCK =100 MHZ, fOUT =2.00 MHz -76 dBc

Multitone Power Ratio (8 Tones at 110 kHz Spacing)
fCLOCK =20 MSPS, fOUT = 2.00 MHz to 2.99 MHz

0 dBFS Output 81 dBc

—6 dBFS Output 81 dBc

—-12 dBFS Output 85 dBc

-18 dBFS Output 86 dBc
NOTES

'Measured single ended into 50 Q load.

Specifications subject to change without notice.

REV. 0 -3-



AD9752

DIGITAL SPECIFICATIONS (1, to Tysy, AVDD = +5 V, DVDD = +5 V, loyres = 20 mA, unless otherwise noted)

Parameter Min Typ Max Units
DIGITAL INPUTS
Logic “1” Voltage @ DVDD = +5 V! 3.5 5 \%
Logic “1” Voltage @ DVDD = +3 V 2.1 3 \%
Logic “0” Voltage @ DVDD = +5 V! 0 1.3 A%
Logic “0” Voltage @ DVDD = +3 V 0 0.9 A%
Logic “1” Current -10 +10 HA
Logic “0” Current -10 +10 LA
Input Capacitance 5 pF
Input Setup Time (ts) 2.0 ns
Input Hold Time (ty) 1.5 ns
Latch Pulsewidth (tpw) 3.5 ns
NOTES
'When DVDD = +5 V and Logic 1 voltage =3.5 V and Logic 0 voltage =1.3 V. IVDD can increase by up to 10 mA, depending on fc;ock-
Specifications subject to change without notice.
peo-oen XXXKK RRXX
e ty
CLOCK 7{ . %\
LPW |
—|t
PP — tgr——» _L
IOUTA
OR 0.1%
IoUTB
0.1%
Figure 1. Timing Diagram
ABSOLUTE MAXIMUM RATINGS* ORDERING GUIDE
With
. . Temperature |Package Package
Parameter Respect to | Min Max Units Model Range Description Options*
AVDD ACOM -0.3 +6.5 \Y% .
DVDD DCOM 03 +6.5 v AD9752AR |—40°C to +85°C | 28-Lead 300 Mil SOIC| R-28
ACOM DCOM _0'3 +0'3 v ADO9752ARU | -40°C to +85°C | 28-Lead TSSOP RU-28
AVDD DVDD 65 16.5 v AD9752-EB Evaluation Board
CLOCK, SLEEP DCOM -0.3 DVDD+03| V *R = Small Outline IC; RU = Thin Shrink Small Outline Package.
Digital Inputs DCOM -0.3 DVDD +0.3| V
IOUTA, IOUTB ACOM -1.0  AVDD+0.3 | V THERMAL CHARACTERISTICS
ICOMP ACOM  |-03 AVDD+03 |V Thermal Resistance
REFIO, FSAD] ACOM -03 AVDD+03 |V 28-Lead 300 Mil SOIC
REFLO ACOM 03  +0.3 \% Bja = 71.4°C/W
Junction Temperature +150 °C e]C =23°C/W
Storage Temperature -65 +150 °C 28-Lead TSSOP
Lead Temperature Bja = 97.9°C/W
(10 sec) +300 °C Bjc = 14.0°C/W

*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum
ratings for extended periods may effect device reliability.

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD9752 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

—4—

WARNING!

=

ESD SENSITIVE DEVICE
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AD9752

PIN CONFIGURATION

(MsB)DB11 [1] @ [28] cLock
DB10 [2] [27] ovoD
DB9 [3] [26] bcom
DB8 [4] 25 nC

oe7[5) ngrsp [EAVPD

o6 [6] Topview [23]icomP
DB5 E (Not to Scale) ZI IOUTA

DB4 [8] [21] louts
DB3 [9] [20] Acom
DB2 [10] 9] nC
DB1 [11] [18] Fs ADJ
DBoO [12] |17] ReFIO
NC [13] [16] REFLO
NC [14] [15] sLEEP

NC = NO CONNECT

PIN FUNCTION DESCRIPTIONS

Pin No. | Name Description

1 DBI11 Most Significant Data Bit (MSB).

2-11 DB10-DB1 | Data Bits 1-10.

12 DBO0 Least Significant Data Bit (LSB).

13, 14,

19, 25 NC No Internal Connection.

15 SLEEP Power-Down Control Input. Active High. Contains active pull-down circuit, thus may be left unterminated
if not used.

16 REFLO Reference Ground when Internal 1.2 V Reference Used. Connect to AVDD to disable internal reference.

17 REFIO Reference Input/Output. Serves as reference input when internal reference disabled (i.e., Tie REFLO to
AVDD). Serves as 1.2 V reference output when internal reference activated (i.e., Tie REFLO to ACOM).
Requires 0.1 PF capacitor to ACOM when internal reference activated.

18 FS AD]J Full-Scale Current Output Adjust.

19 NC No Connect.

20 ACOM Analog Common.

21 IOUTB Complementary DAC Current Output. Full-scale current when all data bits are 0s.

22 IOUTA DAC Current Output. Full-scale current when all data bits are 1s.

23 ICOMP Internal Bias Node for Switch Driver Circuitry. Decouple to ACOM with 0.1 JF capacitor.

24 AVDD Analog Supply Voltage (+4.5 V to +5.5 V).

26 DCOM Digital Common.

27 DVDD Digital Supply Voltage (+2.7 V to +5.5 V).

28 CLOCK Clock Input. Data latched on positive edge of clock.

REV. 0 —5—




AD9752

DEFINITIONS OF SPECIFICATIONS

Linearity Error (Also Called Integral Nonlinearity or INL)
Linearity error is defined as the maximum deviation of the
actual analog output from the ideal output, determined by a

straight line drawn from zero to full scale.

Differential Nonlinearity (or DNL)

DNL is the measure of the variation in analog value, normalized
to full scale, associated with a 1 LSB change in digital input code.

Monotonicity

A D/A converter is monotonic if the output either increases or

remains constant as the digital input increases.
Offset Error

The deviation of the output current from the ideal of zero is
called offset error. For IOUTA, 0 mA output is expected when
the inputs are all 0s. For IOUTB, 0 mA output is expected

when all inputs are set to 1s.

Gain Error

The difference between the actual and ideal output span. The
actual span is determined by the output when all inputs are set

to 1s minus the output when all inputs are set to Os.

Output Compliance Range

The range of allowable voltage at the output of a current-output
DAC. Operation beyond the maximum compliance limits may
cause either output stage saturation or breakdown resulting in

nonlinear performance.

Temperature Drift

Temperature drift is specified as the maximum change from the
ambient (+25°C) value to the value at either Ty or Tyax. For
offset and gain drift, the drift is reported in ppm of full-scale
range (FSR) per °C. For reference drift, the drift is reported

in ppm per °C.

[v

+5V

]

Power Supply Rejection

The maximum change in the full-scale output as the supplies
are varied from nominal to minimum and maximum specified
voltages.

Settling Time

The time required for the output to reach and remain within a
specified error band about its final value, measured from the
start of the output transition.

Glitch Impulse

Asymmetrical switching times in a DAC give rise to undesired
output transients that are quantified by a glitch impulse. It is
specified as the net area of the glitch in pV-s.

Spurious-Free Dynamic Range
The difference, in dB, between the rms amplitude of the output
signal and the peak spurious signal over the specified bandwidth.

Total Harmonic Distortion

THD is the ratio of the rms sum of the first six harmonic
components to the rms value of the measured input signal. It is
expressed as a percentage or in decibels (dB).

Multitone Power Ratio

The spurious-free dynamic range for an output containing mul-
tiple carrier tones of equal amplitude. It is measured as the
difference between the rms amplitude of a carrier tone to the
peak spurious signal in the region of a removed tone.

[v

AVDD ACOM
AD9752
PMOS 0.1pF
CURRENT SOURCE | __!COMP -
% MINI-CIRCUITS
T1T

b ARRAY
Rser
2kQ +5V DVDD { }

SEGMENTED SWITCHES
FOR DB11-DB3

TO HP3589A

— | IOUTA /| SPECTRUM/
OUTE 10003 NETWORK
SWITCHES ! ) 1 ANALYZER
500 INPUT

DVDD ' | LATCHES | gl
SLEEP 5003 == 20pF
ocom— LI L son% 3 P
RETIMED L 500 $ = 20pF

DIGITAL
DATA

v

* AWG2021 CLOCK RETIMED

CLOCK
OUTPUT*
cLoCK
LECROY 9210 | OUTPUT
PULSE GENERATOR

TEKTRONIX
AWG-2021
W/OPTION 4

SUCH THAT DIGITAL DATA
TRANSITIONS ON FALLING EDGE
OF 50% DUTY CYCLE CLOCK.

Figure 2. Basic AC Characterization Test Setup
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AD9752

Typical AC Characterization Curves @ +35 V Supplies

(AVDD = +5V, DVDD = +5 V, lyyres = 20 mA, 50 €2 Doubly Terminated Load, Differential Output, T, = +25°C, SFDR up to Nyquist, unless otherwise noted)

90 90 90
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—12dBFS
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~
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fout—MHz fout — MHz four — MHz

Figure 3. SFDR vs. foyr @ 0 dBFS

Figure 4. SFDR vs. four @ 25 MSPS
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Figure 5. SFDR vs. four @ 50 MSPS
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Figure 6. SFDR vs. four @ 65 MSPS

Figure 7. SFDR vs. four @ 125 MSPS

Figure 8. SFDR vs. fOUT and IOUTFS
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Figure 17. Functional Block Diagram
FUNCTIONAL DESCRIPTION IOUTB = (4095 — DAC CODE)/4096 x Ioyres 2

Figure 17 shows a simplified block diagram of the AD9752.

The AD9752 consists of a large PMOS current source array that
is capable of providing up to 20 mA of total current. The array
is divided into 31 equal currents that make up the five most
significant bits (MSBs). The next four bits or middle bits consist
of 15 equal current sources whose value is 1/16th of an MSB
current source. The remaining L.SBs are binary weighted frac-
tions of the middle-bits current sources. Implementing the
middle and lower bits with current sources, instead of an R-2R
ladder, enhances its dynamic performance for multitone or low
amplitude signals and helps maintain the DAC’s high output
impedance (i.e., >100 kQ).

All of these current sources are switched to one or the other of
the two output nodes (i.e., IOUTA or IOUTB) via PMOS
differential current switches. The switches are based on a new
architecture that drastically improves distortion performance.
This new switch architecture reduces various timing errors and
provides matching complementary drive signals to the inputs of
the differential current switches.

The analog and digital sections of the AD9752 have separate
power supply inputs (i.e., AVDD and DVDD). The digital
section, which is capable of operating up to a 125 MSPS clock
rate and over a +2.7 V to +5.5 V operating range, consists of
edge-triggered latches and segment decoding logic circuitry.
The analog section, which can operate over a +4.5 Vto +5.5V
range, includes the PMOS current sources, the associated differ-
ential switches, a 1.20 V bandgap voltage reference and a refer-
ence control amplifier.

The full-scale output current is regulated by the reference con-
trol amplifier and can be set from 2 mA to 20 mA via an exter-
nal resistor, Rgg. The external resistor, in combination with
both the reference control amplifier and voltage reference Vrggo,
sets the reference current Ixgg, which is mirrored over to the
segmented current sources with the proper scaling factor. The
full-scale current, IoyTrs, is thirty-two times the value of Irgr.

DAC TRANSFER FUNCTION

The AD9752 provides complementary current outputs, [IOUTA
and IOUTB. IOUTA will provide a near full-scale current output,
IouTrs, when all bits are high (i.e., DAC CODE = 4095) while
IOUTRB, the complementary output, provides no current. The
current output appearing at IOUTA and IOUTB is a function
of both the input code and Ioytgs and can be expressed as:

IOUTA = (DAC CODE/4096) % Ioyrzs (1)

REV. 0 _o-

where DAC CODE = 0 to 4095 (i.e., Decimal Representation).

As mentioned previously, IgyTgs is @ function of the reference
current Izgg, which is nominally set by a reference voltage
Vrerio and external resistor Rggr. It can be expressed as:

Toyrrs = 32 X Ipgr 3
where Iggr = Virerio/Rser @

The two current outputs will typically drive a resistive load
directly or via a transformer. If dc coupling is required, IOUTA
and IOUTB should be directly connected to matching resistive
loads, Ry oap, which are tied to analog common, ACOM. Note,
Ry oap may represent the equivalent load resistance seen by
IOUTA or IOUTB as would be the case in a doubly terminated
50 Q or 75 Q cable. The single-ended voltage output appearing
at the IOUTA and IOUTB nodes is simply :

Voura = IOUTA X Ripap 5)
Vours = IOUTB % Rio4p (6)

Note the full-scale value of Voura and Vourg should not exceed
the specified output compliance range to maintain specified
distortion and linearity performance.

The differential voltage, Vpirr, appearing across IOUTA and
IOUTB is:

Ve = IOUTA — IOUTB) X Ryoup )

Substituting the values of IoyTa, IouTs, and Irgr; Vprrr can be
expressed as:

VDIFF = {(2 DAC CODE - 4095)/4096} X
(32 Rroap/Rser) * Vyerio (8)

These last two equations highlight some of the advantages of
operating the AD9752 differentially. First, the differential op-
eration will help cancel common-mode error sources associated
with IoyTa and Igurp such as noise, distortion and dc offsets.
Second, the differential code dependent current and subsequent
voltage, Vpiep, is twice the value of the single-ended voltage
output (i.e., Vourta or Vouts), thus providing twice the signal
power to the load.

Note, the gain drift temperature performance for a single-ended
(VouTa and Voyrg) or differential output (Vprg) of the AD9752
can be enhanced by selecting temperature tracking resistors for
Rioap and Rggr due to their ratiometric relationship as shown
in Equation 8.
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REFERENCE OPERATION

The AD9752 contains an internal 1.20 V bandgap reference
that can easily be disabled and overridden by an external refer-
ence. REFIO serves as either an input or outpur depending on
whether the internal or an external reference is selected. If
REFLO is tied to ACOM, as shown in Figure 18, the internal
reference is activated and REFIO provides a 1.20 V output. In
this case, the internal reference must be compensated externally
with a ceramic chip capacitor of 0.1 PF or greater from REFIO
to REFLO. Also, REFIO should be buffered with an external
amplifier having an input bias current less than 100 nA if any
additional loading is required.

+5V
OPTIONAL
EXTERNAL
REF BUFFER CTg— —
+1.2V REF ?1
ADDITIONAL N carent
LOAD 0.1pF " ARRAY
g %0

AD9752

Figure 18. Internal Reference Configuration

The internal reference can be disabled by connecting REFLO to
AVDD. In this case, an external reference may then be applied
to REFIO as shown in Figure 19. The external reference may
provide either a fixed reference voltage to enhance accuracy and
drift performance or a varying reference voltage for gain control.
Note that the 0.1 UF compensation capacitor is not required
since the internal reference is disabled, and the high input im-
pedance (i.e., 1 MQ) of REFIO minimizes any loading of the
external reference.

AVDD
AVDD REFLO  150pF AVDD
? +1.2V REF
EXTERNAL VREFIO REFIO CORRENT
REF s A SOURCE
ARRAY
RseT 2 IRer=
VReFIO/RsET REFERENCE
AD9752 CONTROL
AMPLIFIER

Figure 19. External Reference Configuration

REFERENCE CONTROL AMPLIFIER

The AD9752 also contains an internal control amplifier that is
used to regulate the DAC’s full-scale output current, IoyTrs.
The control amplifier is configured as a V-I converter as shown
in Figure 19, such that its current output, Irgg, is determined by
the ratio of the Vygrio and an external resistor, RggT, as stated
in Equation 4. Irgp is copied over to the segmented current
sources with the proper scaling factor to set IoyTrs as stated in
Equation 3.

The control amplifier allows a wide (10:1) adjustment span of
IouTrs over a 2 mA to 20 mA range by setting IREF between
62.5 PA and 625 pA. The wide adjustment span of Ioyrgs
provides several application benefits. The first benefit relates
directly to the power dissipation of the AD9752, which is
proportional to Ioytgs (refer to the Power Dissipation section).
The second benefit relates to the 20 dB adjustment, which is
useful for system gain control purposes.

The small signal bandwidth of the reference control amplifier is
approximately 0.5 MHz. The output of the control amplifier is
internally compensated via a 150 pF capacitor that limits the
control amplifier small-signal bandwidth and reduces its
output impedance. Since the -3 dB bandwidth corresponds to
the dominant pole, and hence the time constant, the settling
time of the control amplifier to a stepped reference input re-
sponse can be approximated. In this case, the time constant can
be approximated to be 320 ns.

There are two methods in which Igxgr can be varied for a fixed
Rser. The first method is suitable for a single-supply system in
which the internal reference is disabled, and the common-mode
voltage of REFIO is varied over its compliance range of 1.25 V
to 0.10 V. REFIO can be driven by a single-supply amplifier or
DAQC, thus allowing Izgr to be varied for a fixed Rggt. Since the
input impedance of REFIO is approximately 1 MQ, a simple,
low cost R-2R ladder DAC configured in the voltage mode
topology may be used to control the gain. This circuit is shown
in Figure 20 using the AD7524 and an external 1.2 V reference,
the AD1580.
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+1.2V REF g'
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AGND -
AD9752
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Figure 20. Single-Supply Gain Control Circuit
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The second method may be used in a dual-supply system in
which the common-mode voltage of REFIO is fixed and Iggr is
varied by an external voltage, Vgc, applied to Rggr via an ampli-
fier. An example of this method is shown in Figure 21, in which
the internal reference is used to set the common-mode voltage
of the control amplifier to 1.20 V. The external voltage, Vg, is
referenced to ACOM and should not exceed 1.2 V. The value
of Rggr is such that Iggpmax and Irgpmmy do not exceed 62.5 pA
and 625 pA, respectively. The associated equations in Figure 21
can be used to determine the value of Rggt.

R AVDD
REFLO  150pF AVDD
T IREF'O . CURRENT
FS ADJ SOURCE
1nF ARRAY
Reers |
SET AD9752

> IRer

Irer = (1.2-Vgc)/RseT
Ve WITH Ve < Vrerio AND 62.5pA =< Igr < 625A

Figure 21. Dual-Supply Gain Control Circuit

ANALOG OUTPUTS

The AD9752 produces two complementary current outputs,
IOUTA and IOUTB, which may be configured for single-end
or differential operation. IOUTA and IOUTB can be converted
into complementary single-ended voltage outputs, Voyta and
Vourts, via a load resistor, Ry oap, as described in the DAC
Transfer Function section by Equations 5 through 8. The
differential voltage, Vpirg, existing between Voyura and VoyuTs
can also be converted to a single-ended voltage via a transformer
or differential amplifier configuration.

Figure 22 shows the equivalent analog output circuit of the
AD9752 consisting of a parallel combination of PMOS differen-
tial current switches associated with each segmented current
source. The output impedance of IOUTA and IOUTB is deter-
mined by the equivalent parallel combination of the PMOS
switches and is typically 100 kQ in parallel with 5 pF. Due to
the nature of a PMOS device, the output impedance is also
slightly dependent on the output voltage (i.e., VouTa and Vouts)
and, to a lesser extent, the analog supply voltage, AVDD, and
full-scale current, Ioyrgs. Although the output impedance’s
signal dependency can be a source of dc nonlinearity and ac linear-
ity (i.e., distortion), its effects can be limited if certain precau-
tions are noted.

- > 9— AVDD
I |
- =
i i
I |
- =
i i
1 1 1 1
- [ [
1 1 1 1
— Iy
I0UTB
Rioap

IOUTA
Rioap

Figure 22. Equivalent Analog Output
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IOUTA and IOUTRB also have a negative and positive voltage
compliance range. The negative output compliance range of
—1.0 V is set by the breakdown limits of the CMOS process.
Operation beyond this maximum limit may result in a break-
down of the output stage and affect the reliability of the AD9752.
The positive output compliance range is slightly dependent on
the full-scale output current, IoyTrs. It degrades slightly from its
nominal 1.25 V for an Igytes = 20 mA to 1.00 V for an Igytrs =
2 mA. Operation beyond the positive compliance range will
induce clipping of the output signal which severely degrades
the AD9752’s linearity and distortion performance.

For applications requiring the optimum dc linearity, IOUTA
and/or IOUTB should be maintained at a virtual ground via an
I-V op amp configuration. Maintaining IOUTA and/or IOUTB
at a virtual ground keeps the output impedance of the AD9752
fixed, significantly reducing its effect on linearity. However,
it does not necessarily lead to the optimum distortion perfor-
mance due to limitations of the I-V op amp. Note that the
INL/DNL specifications for the AD9752 are measured in
this manner using IOUTA. In addition, these dc linearity
specifications remain virtually unaffected over the specified
power supply range of 4.5V to 5.5 V.

Operating the AD9752 with reduced voltage output swings at
IOUTA and IOUTB in a differential or single-ended output
configuration reduces the signal dependency of its output
impedance thus enhancing distortion performance. Although
the voltage compliance range of IOUTA and IOUTB extends
from -1.0 V to +1.25 V, optimum distortion performance is
achieved when the maximum full-scale signal at IOUTA and
IOUTB does not exceed approximately 0.5 V. A properly se-
lected transformer with a grounded center-tap will allow the
AD9752 to provide the required power and voltage levels to
different loads while maintaining reduced voltage swings at
IOUTA and IOUTB. DC-coupled applications requiring a
differential or single-ended output configuration should size
R oap accordingly. Refer to Applying the AD9752 section for
examples of various output configurations.

The most significant improvement in the AD9752’s distortion
and noise performance is realized using a differential output
configuration. The common-mode error sources of both
IOUTA and IOUTB can be substantially reduced by the
common-mode rejection of a transformer or differential am-
plifier. These common-mode error sources include even-
order distortion products and noise. The enhancement in
distortion performance becomes more significant as the recon-
structed waveform’s frequency content increases and/or its
amplitude decreases.

The distortion and noise performance of the AD9752 is also
slightly dependent on the analog and digital supply as well as the
full-scale current setting, Ioytrs. Operating the analog supply at
5.0 V ensures maximum headroom for its internal PMOS current
sources and differential switches leading to improved distortion
performance. Although Igyrgs can be set between 2 mA and

20 mA, selecting an Igytrs of 20 mA will provide the best dis-
tortion and noise performance also shown in Figure 8. The
noise performance of the AD9752 is affected by the digital sup-
ply (DVDD), output frequency, and increases with increasing
clock rate as shown in Figure 11. Operating the AD9752 with
low voltage logic levels between 3 V and 3.3 V will slightly re-
duce the amount of on-chip digital noise.

-11-



AD9752

In summary, the AD9752 achieves the optimum distortion and
noise performance under the following conditions:

(1) Differential Operation.

(2) Positive voltage swing at IOUTA and IOUTB limited to
+0.5 V.

(3) Iourtss set to 20 mA.
(4) Analog Supply (AVDD) set at 5.0 V.

(5) Digital Supply (DVDD) set at 3.0 V to 3.3 V with appro-
priate logic levels.

Note that the ac performance of the AD9752 is characterized
under the above mentioned operating conditions.

DIGITAL INPUTS

The AD9752’s digital input consists of 12 data input pins and a
clock input pin. The 12-bit parallel data inputs follow standard
positive binary coding where DB11 is the most significant bit
(MSB) and DBO is the least significant bit (LSB). IOUTA
produces a full-scale output current when all data bits are at
Logic 1. IOUTB produces a complementary output with the
full-scale current split between the two outputs as a function of
the input code.

The digital interface is implemented using an edge-triggered
master slave latch. The DAC output is updated following the
rising edge of the clock as shown in Figure 1 and is designed to
support a clock rate as high as 125 MSPS. The clock can be
operated at any duty cycle that meets the specified latch pulse-
width. The setup and hold times can also be varied within the
clock cycle as long as the specified minimum times are met;
although the location of these transition edges may affect digital
feedthrough and distortion performance. Best performance is
typically achieved when the input data transitions on the falling edge
of a 50% duty cycle clock.

The digital inputs are CMOS compatible with logic thresholds,
VruresaoLD set to approximately half the digital positive supply
(DVDD) or

VTHRESHOLD = DVDD/2 (i 20%)

The internal digital circuitry of the AD9752 is capable of operating
over a digital supply range of 2.7 V to 5.5 V. As a result, the
digital inputs can also accommodate TTL levels when DVDD is
set to accommodate the maximum high level voltage of the TTL
drivers Vogmax)- A DVDD of 3 V to 3.3 V will typically ensure
proper compatibility with most TTL logic families. Figure 23
shows the equivalent digital input circuit for the data and clock
inputs. The sleep mode input is similar with the exception that
it contains an active pull-down circuit, thus ensuring that the
AD9752 remains enabled if this input is left disconnected.

DVDD

DIGITAL
INPUT

Figure 23. Equivalent Digital Input

Since the AD9752 is capable of being updated up to 125 MSPS,
the quality of the clock and data input signals are important in
achieving the optimum performance. The drivers of the digital
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data interface circuitry should be specified to meet the mini-
mum setup and hold times of the AD9752 as well as its re-
quired min/max input logic level thresholds. Typically, the
selection of the slowest logic family that satisfies the above con-
ditions will result in the lowest data feedthrough and noise.

Digital signal paths should be kept short and run lengths
matched to avoid propagation delay mismatch. The insertion of
a low value resistor network (i.e., 20 Q to 100 Q) between the
AD9752 digital inputs and driver outputs may be helpful in reduc-
ing any overshooting and ringing at the digital inputs that con-
tribute to data feedthrough. For longer run lengths and high data
update rates, strip line techniques with proper termination resis-
tors should be considered to maintain “clean” digital inputs. Also,
operating the AD9752 with reduced logic swings and a corre-
sponding digital supply (DVDD) will also reduce data feedthrough.

The external clock driver circuitry should provide the AD9752
with a low jitter clock input meeting the min/max logic levels
while providing fast edges. Fast clock edges will help minimize
any jitter that will manifest itself as phase noise on a recon-
structed waveform. Thus, the clock input should be driven by
the fastest logic family suitable for the application.

Note, the clock input could also be driven via a sine wave, which is
centered around the digital threshold (i.e., DVDD/2), and meets
the min/max logic threshold. This will typically result in a slight
degradation in the phase noise, which becomes more noticeable
at higher sampling rates and output frequencies. Also, at higher
sampling rates, the 20% tolerance of the digital logic threshold
should be considered since it will affect the effective clock duty
cycle and subsequently cut into the required data setup and
hold times.

INPUT CLOCK/DATA TIMING RELATIONSHIP

SNR in a DAC is dependent on the relationship between the
position of the clock edges and the point in time at which the
input data changes. The AD9752 is positive edge triggered, and
so exhibits SNR sensitivity when the data transition is close to
this edge. In general, the goal when applying the AD9752 is to
make the data transitions shortly after the positive clock edge.
This becomes more important as the sample rate increases. Figure
24 shows the relationship of SNR to clock placement with dif-
ferent sample rates and different frequencies out. Note that at
the lower sample rates, much more tolerance is allowed in clock
placement, while at higher rates, much more care must be taken.
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Figure 24. SNR vs. Clock Placement @ foyr = 10 MHz
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SLEEP MODE OPERATION

The AD9752 has a power-down function which turns off the
output current and reduces the supply current to less than
8.5 mA over the specified supply range of 2.7V to 5.5 V and
temperature range. This mode can be activated by applying a
logic level “1” to the SLEEP pin. This digital input also con-
tains an active pull-down circuit that ensures the AD9752 re-
mains enabled if this input is left disconnected. The AD9752
takes less than 50 ns to power down and approximately 5 s to
power back up.

POWER DISSIPATION

The power dissipation, Pp, of the AD9752 is dependent on
several factors which include: (1) AVDD and DVDD, the
power supply voltages; (2) Ioutrs, the full-scale current output;
(3) fcLocks the update rate; (4) and the reconstructed digital
input waveform. The power dissipation is directly proportional
to the analog supply current, Iyypp, and the digital supply cur-
rent, Ipypp. Iavpp is directly proportional to IoyTrs as shown in
Figure 25 and is insensitive to fcrock.

Conversely, Ipypp is dependent on both the digital input wave-
form, fcrock, and digital supply DVDD. Figures 26 and 27
show Ipypp as a function of full-scale sine wave output ratios
(fout/fcLock) for various update rates with DVDD =5V and
DVDD = 3V, respectively. Note, how Ipypp is reduced by more
than a factor of 2 when DVDD is reduced from 5 Vto 3 V.
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Figure 25. IAVDD VS. IOUTFS
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Figure 26. Ipypp vs. Ratio @ DVDD =5V
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Figure 27. Ipypp vs. Ratio @ DVDD =3V

APPLYING THE AD9752

OUTPUT CONFIGURATIONS

The following sections illustrate some typical output configura-
tions for the AD9752. Unless otherwise noted, it is assumed
that IgyTgs is set to a nominal 20 mA. For applications requir-
ing the optimum dynamic performance, a differential output
configuration is suggested. A differential output configuration
may consist of either an RF transformer or a differential op amp
configuration. The transformer configuration provides the opti-
mum high frequency performance and is recommended for any
application allowing for ac coupling. The differential op amp
configuration is suitable for applications requiring dc coupling, a
bipolar output, signal gain and/or level shifting.

A single-ended output is suitable for applications requiring a
unipolar voltage output. A positive unipolar output voltage will
result if IOUTA and/or IOUTB is connected to an appropri-
ately sized load resistor, Ry oap, referred to ACOM. This con-
figuration may be more suitable for a single-supply system
requiring a dc coupled, ground referred output voltage. Alterna-
tively, an amplifier could be configured as an I-V converter thus
converting IOUTA or IOUTB into a negative unipolar voltage.
This configuration provides the best dc linearity since IOUTA
or IOUTRB is maintained at a virtual ground. Note, IOUTA
provides slightly better performance than IOUTB.

DIFFERENTIAL COUPLING USING A TRANSFORMER
An RF transformer can be used to perform a differential-to-
single-ended signal conversion as shown in Figure 28. A
differentially coupled transformer output provides the optimum
distortion performance for output signals whose spectral content
lies within the transformer’s passband. An RF transformer such
as the Mini-Circuits T1-1T provides excellent rejection of
common-mode distortion (i.e., even-order harmonics) and noise
over a wide frequency range. It also provides electrical isolation
and the ability to deliver twice the power to the load. Trans-
formers with different impedance ratios may also be used for
impedance matching purposes. Note that the transformer
provides ac coupling only.
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Figure 28. Differential Output Using a Transformer

The center tap on the primary side of the transformer must be
connected to ACOM to provide the necessary dc current path
for both IOUTA and IOUTB. The complementary voltages
appearing at IOUTA and IOUTB (i.e., VoyTa and Vouts)
swing symmetrically around ACOM and should be maintained
with the specified output compliance range of the AD9752. A
differential resistor, Rpirp, may be inserted in applications in
which the output of the transformer is connected to the load,
Ry oap, Via a passive reconstruction filter or cable. Rpgp is deter-
mined by the transformer’s impedance ratio and provides the
proper source termination which results in a low VSWR. Note
that approximately half the signal power will be dissipated across

Rpyrr.

DIFFERENTIAL USING AN OP AMP

An op amp can also be used to perform a differential to single-
ended conversion as shown in Figure 29. The AD9752 is con-
figured with two equal load resistors, Ry gap, of 25 Q. The
differential voltage developed across IOUTA and IOUTB is
converted to a single-ended signal via the differential op amp
configuration. An optional capacitor can be installed across
IOUTA and IOUTB forming a real pole in a low-pass filter.
The addition of this capacitor also enhances the op amps distor-
tion performance by preventing the DACs high slewing output
from overloading the op amp’s input.

5000
AD9752

2250

2950 ADB8055

+

Copr
—e 5000
250 S 250

Figure 29. DC Differential Coupling Using an Op Amp

The common-mode rejection of this configuration is typically
determined by the resistor matching. In this circuit, the differ-
ential op amp circuit is configured to provide some additional
signal gain. The op amp must operate off of a dual supply since
its output is approximately +1.0 V. A high speed amplifier such
as the AD8055 or AD9632 capable of preserving the differential
performance of the AD9752 while meeting other system level
objectives (i.e., cost, power) should be selected. The op amps
differential gain, its gain setting resistor values, and full-scale
output swing capabilities should all be considered when opti-
mizing this circuit.

The differential circuit shown in Figure 30 provides the neces-
sary level-shifting required in a single supply system. In this
case, AVDD which is the positive analog supply for both the
AD9752 and the op amp is also used to level-shift the differ-
ential output of the AD9752 to midsupply (i.e., AVDD/2). The
AD8041 is a suitable op amp for this application.

14—

5000
AD9752

2250

2950 AD8041

AW +
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1kQ
—e —————\W——O0AVDD
250 3250 S1ko
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Figure 30. Single-Supply DC Differential Coupled Circuit

SINGLE-ENDED UNBUFFERED VOLTAGE OUTPUT
Figure 31 shows the AD9752 configured to provide a unipolar
output range of approximately 0 V to +0.5 V for a doubly termi-
nated 50 Q cable since the nominal full-scale current, Ioyrgs, of
20 mA flows through the equivalent R; gap of 25 Q. In this
case, Ry pap represents the equivalent load resistance seen by
IOUTA or IOUTB. The unused output IOUTA or IOUTB)
can be connected to ACOM directly or via a matching R; gap.
Different values of Igyrrs and Rygap can be selected as long as
the positive compliance range is adhered to. One additional
consideration in this mode is the integral nonlinearity (INL) as
discussed in the ANALOG OUTPUT section of this data sheet.
For optimum INL performance, the single-ended, buffered
voltage output configuration is suggested.

ADI752 | igyres = 20mA

> . 0O )
i&}oﬂ ; ;
250

VouTa =0TO +0.5V

iSOQ

Figure 31. 0V to +0.5 V Unbuffered Voltage Output

SINGLE-ENDED, BUFFERED VOLTAGE OUTPUT
CONFIGURATION

Figure 32 shows a buffered single-ended output configuration in
which the op amp U1 performs an I-V conversion on the AD9752
output current. Ul maintains IOUTA (or IOUTB) at a virtual
ground, thus minimizing the nonlinear output impedance effect
on the DAC’s INL performance as discussed in the ANALOG
OUTPUT section. Although this single-ended configuration
typically provides the best dc linearity performance, its ac distor-
tion performance at higher DAC update rates may be limited by
UT1’s slewing capabilities. Ul provides a negative unipolar out-
put voltage and its full-scale output voltage is simply the
product of Rgg and Igyrgs. The full-scale output should be set
within U1’s voltage output swing capabilities by scaling Ioytrs
and/or Rgg. An improvement in ac distortion performance may
result with a reduced IgyTgs since the signal current Ul will be
required to sink will be subsequently reduced.
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Figure 32. Unipolar Buffered Voltage Output

POWER AND GROUNDING CONSIDERATIONS, POWER
SUPPLY REJECTION

Many applications seek high speed and high performance under
less than ideal operating conditions. In these circuits, the imple-
mentation and construction of the printed circuit board design
is as important as the circuit design. Proper RF techniques must
be used for device selection, placement and routing as well as
power supply bypassing and grounding to ensure optimum
performance. Figures 42-47 illustrate the recommended printed
circuit board ground, power and signal plane layouts which are
implemented on the AD9752 evaluation board.

One factor that can measurably affect system performance is the
ability of the DAC output to reject dc variations or ac noise
superimposed on the analog or digital dc power distribution
(i.e., AVDD, DVDD). This is referred to as Power Supply
Rejection Ratio (PSRR). For dc variations of the power supply,
the resulting performance of the DAC directly corresponds to a
gain error associated with the DAC’s full-scale current, Igyrgs.
AC noise on the dc supplies is common in applications where
the power distribution is generated by a switching power supply.
Typically, switching power supply noise will occur over the
spectrum from tens of kHz to several MHz. PSRR vs. frequency
of the AD9752 AVDD supply, over this frequency range, is
given in Figure 33.

920

N

80

PSRR - dB

70

60
0.26 0.5 0.75 1.0

FREQUENCY — MHz
Figure 33. Power Supply Rejection Ratio of AD9752

Note that the units in Figure 33 are given in units of (amps out)/
(volts in). Noise on the analog power supply has the effect of
modulating the internal switches, and therefore the output
current. The voltage noise on the dc power, therefore, will be
added in a nonlinear manner to the desired IgyT. Due to the
relative different sizes of these switches, PSRR is very code depen-
dent. This can produce a mixing effect which can modulate low
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frequency power supply noise to higher frequencies. Worst case
PSRR for either one of the differential DAC outputs will occur
when the full-scale current is directed towards that output. As a
result, the PSRR measurement in Figure 33 represents a worst
case condition in which the digital inputs remain static and the
full scale output current of 20 mA is directed to the DAC out-
put being measured.

An example serves to illustrate the effect of supply noise on the
analog supply. Suppose a switching regulator with a switching
frequency of 250 kHz produces 10 mV rms of noise and for
simplicity sake (i.e., ignore harmonics), all of this noise is con-
centrated at 250 kHz. To calculate how much of this undesired
noise will appear as current noise super imposed on the DAC’s
full-scale current, Ioytrs, one must determine the PSRR in dB
using Figure 33 at 250 kHz. To calculate the PSRR for a given
R 0aps such that the units of PSRR are converted from A/V to
V/V, adjust the curve in Figure 33 by the scaling factor 20 X Log
(Rroap). For instance, if Ry gap is 50 Q, the PSRR is reduced
by 34 dB (i.e., PSRR of the DAC at 1 MHz which is 74 dB in
Figure 33 becomes 40 dB Vout/Vy)-

Proper grounding and decoupling should be a primary objective
in any high speed, high resolution system. The AD9752 features
separate analog and digital supply and ground pins to optimize
the management of analog and digital ground currents in a
system. In general, AVDD, the analog supply, should be de-
coupled to ACOM, the analog common, as close to the chip as
physically possible. Similarly, DVDD, the digital supply, should
be decoupled to DCOM as close as physically as possible.

For those applications that require a single +5 V or +3 V supply
for both the analog and digital supply, a clean analog supply
may be generated using the circuit shown in Figure 34. The
circuit consists of a differential LC filter with separate power
supply and return lines. Lower noise can be attained using low
ESR type electrolytic and tantalum capacitors.

FERRITE
BEADS

TTL/CMOS
LOGIC
CIRCUITS

A4 A
+5V OR +3V
POWER SUPPLY

Figure 34. Differential LC Filter for Single +5V or +3 V
Applications

Maintaining low noise on power supplies and ground is critical
to obtaining optimum results from the AD9752. If properly
implemented, ground planes can perform a host of functions on
high speed circuit boards: bypassing, shielding, current trans-
port, etc. In mixed signal design, the analog and digital portions
of the board should be distinct from each other, with the analog
ground plane confined to the areas covering the analog signal
traces, and the digital ground plane confined to areas covering
the digital interconnects.

All analog ground pins of the DAC, reference and other analog
components should be tied directly to the analog ground plane.
The two ground planes should be connected by a path 1/8
to 1/4 inch wide underneath or within 1/2 inch of the DAC to
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maintain optimum performance. Care should be taken to ensure
that the ground plane is uninterrupted over crucial signal paths.
On the digital side, this includes the digital input lines running
to the DAC as well as any clock signals. On the analog side, this
includes the DAC output signal, reference signal and the supply
feeders.

The use of wide runs or planes in the routing of power lines is
also recommended. This serves the dual role of providing a low
series impedance power supply to the part, as well as providing
some “free” capacitive decoupling to the appropriate ground
plane. It is essential that care be taken in the layout of signal and
power ground interconnects to avoid inducing extraneous volt-
age drops in the signal ground paths. It is recommended that all
connections be short, direct and as physically close to the pack-
age as possible in order to minimize the sharing of conduction
paths between different currents. When runs exceed an inch in
length, strip line techniques with proper termination resistor
should be considered. The necessity and value of this resistor
will be dependent upon the logic family used.

For a more detailed discussion of the implementation and
construction of high speed, mixed signal printed circuit boards,
refer to Analog Devices’ application notes AN-280 and
AN-333.
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APPLICATIONS

VDSL Applications Using the AD9752

Very High Frequency Digital Subscriber Line (VDSL) technol-
ogy is growing rapidly in applications requiring data transfer
over relatively short distances. By using QAM modulation and
transmitting the data in multiple discrete tones, high data rates
can be achieved.

As with other multitone applications, each VDSL tone is ca-
pable of transmitting a given number of bits, depending on the
signal-to-noise ratio (SNR) in a narrow band around that tone.
The tones are evenly spaced over the range of several kHz to
10 MHz. At the high frequency end of this range, performance
is generally limited by cable characteristics and environmental
factors, such as external interferers. Performance at the lower
frequencies is much more dependent on the performance of the
components in the signal chain. In addition to in-band noise,
intermodulation from other tones can also potentially interfere
with the recovery of data for a given tone. The two graphs in
Figure 35 represent a 500 tone missing bin test vector, with
frequencies evenly spaced from 400 Hz to 10 MHz. This test is
very commonly done to determine if distortion will limit the
number of bits which can be transmitted in a tone. The test
vector has a series of missing tones around 750 kHz, which is
represented in Figure 35a and a series of missing tones around
5 MHz which is represented in Figure 35b. In both cases, the
spurious free range between the transmitted tones and the empty
bins is greater than 60 dB.

Using the AD9752 for Quadrature Amplitude Modulation
(QAM)

QAM is one of the most widely used digital modulation
schemes in digital communication systems. This modulation
technique can be found in FDM as well as spreadspectrum (i.e.,
CDMA) based systems. A QAM signal is a carrier frequency
that is modulated in both amplitude (i.e., AM modulation) and
phase (i.e., PM modulation). It can be generated by indepen-
dently modulating two carriers of identical frequency but with a
90° phase difference. This results in an in-phase (I) carrier com-
ponent and a quadrature (Q) carrier component at a 90° phase
shift with respect to the I component. The I and Q components
are then summed to provide a QAM signal at the specified car-
rier frequency.

A common and traditional implementation of a QAM modu-
lator is shown in Figure 36. The modulation is performed in the
analog domain in which two DACs are used to generate the
baseband I and Q components, respectively. Each component is
then typically applied to a Nyquist filter before being applied to
a quadrature mixer. The matching Nyquist filters shape and
limit each component’s spectral envelope while minimizing
intersymbol interference. The DAC is typically updated at the
QAM symbol rate or possibly a multiple of it if an interpolating
filter precedes the DAC. The use of an interpolating filter typi-
cally eases the implementation and complexity of the analog
filter, which can be a significant contributor to mismatches in
gain and phase between the two baseband channels. A quadra-
ture mixer modulates the I and Q components with in-phase
and quadrature phase carrier frequency and then sums the two
outputs to provide the QAM signal.
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Figure 36. Typical Analog QAM Architecture

In this implementation, it is much more difficult to maintain
proper gain and phase matching between the I and Q channels.
The circuit implementation shown in Figure 37 helps improve
upon the matching and temperature stability characteristics
between the I and Q channels, as well as showing a path for up-
conversion using the AD8346 quadrature modulator. Using a
single voltage reference derived from Ul to set the gain for both
the I and Q channels will improve the gain matching and stabil-
ity. Rcar can be used to compensate for any mismatch in gain
between the two channels. This mismatch may be attributed to
the mismatch between Rggr; and Rggrs, effective load resistance
of each channel, and/or the voltage offset of the control ampli-
fier in each DAC. The differential voltage outputs of Ul and U2
are fed into the respective differential inputs of the AD8346 via
matching networks.

Using the same matching techniques described above, Figure 38
shows an example of the AD9752 used in a W-CDMA transmit-
ter application using the AD6122 CDMA 3 V transmitter IF
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subsystem. The AD6122 has functions, such as external gain
control and low distortion characteristics, needed for the supe-
rior Adjacent Channel Power (ACP) requirements of W-CDMA.

CDMA

Carrier Division Multiple Access, or CDMA, is an air transmit/
receive scheme where the signal in the transmit path is modu-
lated with a pseudorandom digital code (sometimes referred to
as the spreading code). The effect of this is to spread the trans-
mitted signal across a wide spectrum. Similar to a DMT wave-
form, a CDMA waveform containing multiple subscribers can
be characterized as having a high peak to average ratio (i.e.,
crest factor), thus demanding highly linear components in the
transmit signal path. The bandwidth of the spectrum is defined
by the CDMA standard being used, and in operation is imple-
mented by using a spreading code with particular characteristics.

Distortion in the transmit path can lead to power being trans-
mitted out of the defined band. The ratio of power transmitted
in-band to out-of-band is often referred to as Adjacent Channel
Power (ACP). This is a regulatory issue due to the possibility of
interference with other signals being transmitted by air. Regula-
tory bodies define a spectral mask outside of the transmit band,
and the ACP must fall under this mask. If distortion in the
transmit path cause the ACP to be above the spectral mask,
then filtering, or different component selection is needed to
meet the mask requirements.
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REFLO | I AVDD 500Q | |500€ g ®
\9 \9 \9 $s 0,
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Figure 37. Baseband QAM Implementation Using Two AD9752s
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Figure 38. CDMA Transmit Application Using AD9752

Figure 39 shows the AD9752 reconstructing a wideband, or
W-CDMA test vector with a bandwidth of 5 MHz, centered at
15.625 MHz and being sampled at 62.5 MSPS. ACP for the given
test vector is measured at 70 dB.

=20

-30
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20
CENTER 16.384MHz

Figure 39. CDMA Signal, Sampled at 65 MSPS, Adjacent
Channel Power >70 dBm

It is also possible to generate a QAM signal completely in the
digital domain via a DSP or ASIC, in which case only a single
DAC of sufficient resolution and performance is required to
reconstruct the QAM signal. Also available from several vendors
are Digital ASICs which implement other digital modulation
schemes such as PSK and FSK. This digital implementation has
the benefit of generating perfectly matched I and Q components
in terms of gain and phase, which is essential in maintaining
optimum performance in a communication system. In this imple-
mentation, the reconstruction DAC must be operating at a
sufficiently high clock rate to accommodate the highest specified

1.4096MHz
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QAM carrier frequency. Figure 40 shows a block diagram of
such an implementation using the AD9752.
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| DATA 7= 7 }
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12 QAM MIXER
Q DATA 7 <> ADO752 50Q || 50Q
b A Vv
Vv

4
124 12

SIN cos
CARRIER 12 | STEL-1177
FREQUENCY NCO
CLOCK

Figure 40. Digital QAM Architecture

ADY9752 EVALUATION BOARD

General Description

The AD9752-EB is an evaluation board for the AD9752 12-bit
D/A converter. Careful attention to layout and circuit design
combined with a prototyping area allow the user to easily and
effectively evaluate the AD9752 in any application where high
resolution, high speed conversion is required.

This board allows the user the flexibility to operate the AD9752
in various configurations. Possible output configurations include
transformer coupled, resistor terminated, inverting/noninverting
and differential amplifier outputs. The digital inputs are designed
to be driven directly from various word generators, with the
on-board option to add a resistor network for proper load
termination. Provisions are also made to operate the AD9752
with either the internal or external reference, or to exercise the
power-down feature.

Refer to the application note AN-420 for a thorough description
and operating instructions for the AD9752 evaluation board.
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Figure 45. Power Plane PCB Layout (Layer 3)
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Appendix B: MC74AC4040 Data Sheet
12-Stage Binary Ripple Counter
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MC74AC4040

12-Stage Binary Ripple
Counter

The MC74AC4040 consists of 12 master-slave flip-flops. The
output of each flip-flop feeds the next and the frequency at each output
is half that of the preceding one. The state of the counter advances on
the negative-going edge of the Clock input. Reset is asynchronous and
active-high.

State changes of the Q outputs do not occur simultaneously because
of internal ripple delays. Therefore, decoded output signals are subject
to decoding spikes and may have to be gated with the Clock of the
MC74AC4040 for some designs.

* 140 MHz Typ. Clock

¢ Qutputs Source/Sink 24 mA

¢ Operating Voltage Range: 2.0t0 6.0 V
High Noise Immunity

Vcc Q11 Q10 Q8 Q9 RESET CLK Q1

[16] [15] [1a] [1s] [r2] [1t] [10] [o]

L Lef Lef [ef Ls] Lef L2 [s]

Q12 Q6 Q5 Q7 Q4 Q@3 Q2 GND
Figure 1. Pinout: 16-Lead Packages Conductors

ON Semiconductor™
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DIP-16
N SUFFIX
16 CASE 648

SO-16
D SUFFIX
CASE 751B

TSSOP-16
DT SUFFIX
CASE 948F

EIAJ-16
M SUFFIX
CASE 966

(Top View)
EUNCTION TABLE ORDERING INFORMATION
Clock Reset Output State Device Package Shipping
- L No Change MC74AC4040N PDIP-16 25 Units/Rail
TN L Advance to next state MC74AC4040D SOIC-16 48 Units/Rail
X H All Outputs are low MC74AC4040DR2 | SOIC-16 | 2500 Tape & Reel
MC74AC4040DT TSSOP-16 96 Units/Rail
MC74AC4040DTR2|TSSOP-16| 2500 Tape & Reel
MC74AC4040M EIAJ-16 50 Units/Rail
DEVICE MARKING INFORMATION
See general marking information in the device marking
section on page 4 of this data sheet.
0 Semiconductor Components Industries, LLC, 2001 1 Publication Order Number:

May, 2001 — Rev. 5
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MC74AC4040

NP
5 Q2
5 Q3
10 3 a
CLOCK—C> 5 Q5
—— Q6
LA
13 Q8
12
— Q10
15
TQH
—— Q12

F{ESET”—|

PIN 16 = Vce
PIN 8 = GND

Figure 2. Logic Diagram

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vce DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \Y,
VIN DC Input Voltage (Referenced to GND) -0.5to Vg +0.5 \
VouT DC Output Voltage (Referenced to GND) -0.5to Vcc +0.5 \
IIN DC Input Current, per Pin +20 mA
louT DC Output Current, per Pin +50 mA
Icc DC V¢ or GND Current per Output Pin +50 mA
PD Power Dissipation in Still Air mw

Plastict 750
SOIC Packaget 500
Tstg Storage Temperature —65 to +150 °C
TL Lead Temperature, 1 mm from Case for 10 seconds 260 °C
(Plastic DIP or SOIC Package)
*Maximum Ratings are those values beyond which damage to the device may occur.
TDerating: Plastic DIP: — 10mW/°C from 65°C to 125°C SOIC Package: —7.0 mW/°C from 65°C to 125°C
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vce DC Supply Voltage (Referenced to GND) 2.0 6.0 \Y
VIN'VoUT Input Voltage, Output Voltage (Ref. to GND) 0 Vce -
TA Operating Temperature, All Package Types -40 +85 °C
tr/tg Input Rise/Fall Time Vcec=3.0V 0 150 ns/V

(Figure 1) Vcc =45V 0 40
Vcc =55V 0 25

http://onsemi.com
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MC74AC4040

DC CHARACTERISTICS (unless otherwise specified)

Symbol Parameter Value Unit
Vin = Vcc or GND
Icc Maximum Quiescent Supply Voltage 80 HA Vcec=55Y,
Ta = Worst Case
Vin = Vcc or GND
Icc Maximum Quiescent Supply Current 8.0 HA Vcc =55V,
Ta =25°C
DC CHARACTERISTICS
74AC 74AC
v Ta=
Symbol Parameter cC Ta = +25°C —40°C to Unit Conditions
V) .
+85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 - 2.1 2.1 VoyTt=0.1V
Input Voltage 4.5 - 3.15 3.15 \Y orVcc-0.1V
5.5 — 3.85 3.85
ViL Maximum Low Level 3.0 - 0.9 0.9 VoyTt=0.1V
Input Voltage 45 - 1.35 1.35 \ orVcc—-0.1V
5.5 — 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 2.9 loyT =50 A
Output Voltage 4.5 4.49 4.4 4.4 \Y
55 5.49 54 5.4
*VIN=VILOrVIH
3.0 — 2.56 2.46 v -12 mA
4.5 — 3.86 3.76 IoH —-24 mA
5.5 — 4.86 4.76 —-24 mA
VoL Maximum Low Level 3.0 0.002 | 0.1 0.1 louT =50 pA
QOutput Voltage 4.5 0.001 ] 0.1 0.1 \%
5.5 0.001 | 0.1 0.1
*VIN=VILOrVIH
3.0 - 0.36 0.44 v 12 mA
45 - 0.36 0.44 loL 24 mA
5.5 — 0.36 0.44 24 mA
IIN Maximum Input _
Leakage Current 5.5 - #0.1 #1.0 HA V| =Vce, GND
loLD Minimum Dynamic 55 - - 75 mA VoLp = 1.65 V Max
Output Current _
IOHD utput Currentt 5.5 - - 75 mA  |Vonp =3.85 V Min

*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.

http://onsemi.com
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AC CHARACTERISTICS (For Figures and Waveforms — See Section 3 of the ON Semiconductor FACT Data Book, DL138/D)

MC74AC4040

74AC 74AC
T =-40°C .
Vcc* Tp = +25°C Fig.
Symbol Parameter ((\:/(): CA =50 pF to +85°C Unit Ng
L CL =50 pF :
Min Typ Max Min Max
; Maximum Clock 3.3 110 120 - 100 - MH
max Frequency 50 | 130 | 140 | - | 120 | - z -
t0 O1 Propagation Delay 3.3 2.0 — 11 2.0 14
ncPoQl L bt Q1 50 | 2.0 - 80 | 20 | 10 ns -
Propagation Delay 3.3 0 - 55 0 6.5
QntoQn+lfn o q +1 50 | o - | 35 o | 45 ns -
MR to Q Propagation Delay 3.3 3.0 - 12 3.0 15
tHL MR to Q 50 | 3.0 - 10 | 30 | 12 ns -
trec R T 3.3 0 | -25| - 0 -
ncp to MR | Recovery Time 50 | o |5 ]| - 0 - ns -
‘ Minimum Pulse Width 3.3 4.0 3.5 - 4.5 -
w NCP Clock Pin 50 | 30 |25 | - |35 | - ns -
o MR Minimum Pulse Width 3.3 4.0 3.5 - 4.5 -
w Master Reset 3.0 3.0 25 - 35 - ns B
*\oltage Range 3.3V is 3.3V 0.3 V.
*Voltage Range 5.0 Vis 5.0 V £0.5 V.
CAPACITANCE
Symbol Parameter V%';;e Unit Test Conditions
CIN Input Capacitance 4.5 pF Vcec =50V
CpD Power Dissipation Capacitance 50 pF Vcec =50V
MARKING DIAGRAMS
DIP-16 SO-16 TSSOP-16 EIAJ-16
ATATATATATATATA! AARAARAAR ARARAR nononona
MC74AC4040N AC4040
D AC 74AC4040
o AWLYYWW o AWLYWW 4040 ALYW
[PLT LY PR TR LTLT HOHOEHEHTE o ALYW IR
IEEELL)
A = Assembly Location

WL, L =Wafer Lot

YY,Y =Year

WW, W = Work Week

http://onsemi.com




MC74AC4040

PACKAGE DIMENSIONS

NOTI
1

(XN

[LIFS

ek

PDIP-16
N SUFFIX
16 PIN PLASTIC DIP PACKAGE
CASE 648-08
A ISSUE R
Myt
16 9 f
) B
° Y
Al EEmEmE gy
_>I L_F —C L —>|
EEH \
H —K e “\1 M
D 16 PL
[9]0.25 0010 @[ T[A @ |
SO-16
D SUFFIX
16 PIN PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J
- ] -
AHAAAAAAR F
16 9 _f
PspPL
o) oy |[@]ez000®@[BO)
H;lr_lr:H_H_H_H_H__
G
K —| i —>‘ |<— R x45° /
e ¢ v A=y
Heme | P T, ST

| [025 0010 @|T[B ®[AB)|
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ES:

. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0740 | 0.770 | 18.80 | 19.55
B | 0250 | 0.270 6.35 6.85
C [ 0145 | 0.175 3.69 4.44
D | 0.015 | 0.021 0.39 0.53
F | 0.040 0.70 1.02 1.77
G 0.100 BSC 2.54 BSC
H 0.050 BSC 1.27 BSC
J | 0008 [ 0.015 0.21 0.38
K | 0.110 | 0.130 2.80 3.30
L | 0295 | 0.305 7.50 7.74
m 0° 10° 0° 10°
S [ 0.020 | 0.040 0.51 1.01
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES

| i [N ] mAX | WMIN | MAX
A 9.80 | 10.00 | 0.386 | 0.393
B 3.80 4.00 | 0150 | 0.157
C 1.35 1.75 | 0.054 | 0.068
D 0.35 0.49 | 0.014 | 0.019
F 0.40 1.25 | 0.016 | 0.049
G 1.27 BSC 0.050 BSC
J 0.19 0.25 | 0.008 | 0.009
K 0.10 0.25 | 0.004 | 0.009
M 0° 7° 0° 7°
P 5.80 6.20 | 0.229 | 0.244
R 0.25 0.50 | 0.010 | 0.019




[c]0.15 0.006)] T]U ® ]
A

MC74AC4040

PACKAGE DIMENSIONS

16X K REF

TSSOP-16

DT SUFFIX

16 PIN PLASTIC TSSOP PACKAGE
CASE948F-01

ISSUE O

’«—{$| 010 (0004 ®[T[U ® [V

|| —hei

. -

NOTES:

1.

2.
3.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A DOES NOT INCLUDE MOLD FLASH.
PROTRUSIONS OR GATE BURRS. MOLD FLASH

2x L2

PIN 1

IDENT. \

IREERE]

Y

/
[ ]0.15 0.006)] T] U ® ]

T

A
EVA

Jl
SECTION N-N

Inln|

mininin|

OR GATE BURRS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR

PROTRUSION SHALL NOT EXCEED
0.25 (0.010) PER SIDE.

5. DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.

6. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

7. DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE -W-.

3
T

([0.10 (0.004)
—T—| SEATING
PLANE

l
.

IETTRTIY

«— G

MILLIMETERS | __INCHES
DIM| MIN | MAX | MIN | mAX
A | 490 | 510 [ 0193 | 0200
B | 430 | 450 | 0169 | 077
c [ [ 120 — [ooa
D | 005 | 015 | 0002 | 0.006
F | 050 | 075 | 0.020 | 0030
G | 0658SC 0026 BSC
H | 018 | 028 | 0007 [ 0011
J | 009 | 020 [ 0004 | 0.008
- 31| 009 | 016 [ 0.004 | 0006
/ s \‘IZW— K | o019 | 030 | 0007 [ 0012
J1 (L Ki| 019 | 025 [ 0.007 [ 0.010
=/ L | 640BSC 0252 BSC
m] o°[ 8°[ o°[ 8°
<— H DETAIL E
EIAJ-16
M SUFFIX
16 PIN PLASTIC EIAJ PACKAGE
CASE966-01
NOTES:
ISSUE O 1. DIMENSIONING AND TOLERANCING PER ANS|
Y1450, 1982,
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS D AND E DO NOT INCLUDE MOLD
LE FLASH OR PROTRUSIONS AND ARE MEASURED

O,
Ty
f—2z

D

e b

===t

|
(9[0.13(0.005 @ |

a0 00m]

Q1

}
—4L|<—“

DETAIL P
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AT THE PARTING LINE. MOLD FLASH OR
PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006)
PER SIDE.

. TERMINAL NUMBERS ARE SHOWN FOR

REFERENCE ONLY.

. THE LEAD WIDTH DIMENSION (b) DOES NOT

INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).

MILLIMETERS INCHES

| DIM| MIN MAX MIN | MAX
A -— 2.05 -—— | 0.081
A 0.05 020 | 0.002 | 0.008
b 0.35 0.50 | 0.014 | 0.020
c 0.18 0.27 | 0.007 | 0.011
D 9.90 | 10.50 | 0.390 | 0.413
E 5.10 5.45 | 0201 | 0.215
e 1.27 BSC 0.050 BSC
He 7.40 820 | 0291 | 0.323
L 0.50 0.85 | 0.020 | 0.033
Lg 1.10 1.50 | 0.043 | 0.059
m 0°] 10° 0° | 10°
Q4 0.70 0.90 | 0.028 | 0.035
z o 0.78 -— | 0.031
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Notes
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MC74AC4040

ON Semiconductor and ..I' are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment : JAPAN : ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5740-2700
Phone: 303-675—-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada ON Semiconductor Website : htto:// )
Email: ONlit@hibbertco.com emiconductor Website : http://onsemi.com
For additional information, please contact your local

N. American Technical Support : 800-282-9855 Toll Free USA/Canada Sales Representative.
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Appendix C: MC74ACT374 Data Sheet
Octal D-Type Flip-Flop
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MC74AC 74 MC74AC 74

tal - ype
-State utput

lip- lop it

The MC74AC374/74ACT374 is a high—speed, low—power octal
D-type flip—flop featuring separate D—type inputs for each flip—flop

ON Semiconductor™

and 3-state outputs for bus—oriented applications. A buffered Clock

(CP) and Output Enable (BEre common to all flip—flops.

¢ Buffered Positive Edge—Triggered Clock

* 3-State Outputs for Bus—Oriented Applications

¢ Outputs Source/Sink 24 mA

* See MC74AC273 for Reset Version

* See MC74AC377 for Clock Enable Version

* See MC74AC373 for Transparent Latch Version
* See MC74AC574 for Broadside Pinout Version

* See MC74AC564 for Broadside Pinout Version with Inverted
Outputs
* 'ACT374 Has TTL Compatible Inputs

Ll L2 L8] Lo Ls] Lef [7] [8] [o] [1o]
OE 0y Dy Dy Oy Op Dy D3 O3 GND

Figure 1. Pinout: 20 Lead Packages Conductors

(Top View)
PIN ASSIGNMENT
PIN FUNCTION
Do-D7 Data Inputs
CP Clock Pulse Input
OE 3-State Output Enable Input
0g—O7 3—State Outputs
Dg D1 Do D3 D4 D5 Dg D7
—CP
—O|OE
0p 01 Og 03 04 O5 Og O7
Figure 2. Logic Symbol
[0 Semiconductor Components Industries, LLC, 2001 1

May, 2001 — Rev. 5

http://onsemi.com
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PDIP-20

N SUFFIX
CASE 738

SO-20
DW SUFFIX
CASE 751

TSSOP-20
DT SUFFIX
CASE 948E

EIAJ-20
M SUFFIX
CASE 967

ORDERING INFORMATION

Device Package Shipping
MC74AC374N PDIP-20 18 Units/Rail
MC74ACT374N PDIP-20 18 Units/Rall
MC74AC374DW SOIC-20 38 Units/Rail
MC74AC374DWR2 | SOIC-20 |1000 Tape & Reel
MC74ACT374DW SOIC-20 38 Units/Rail
MC74ACT374DWR2 | SOIC-20 |1000 Tape & Reel
MC74AC374DT TSSOP-20 75 Units/Rail
MC74AC374DTR2 | TSSOP-20 | 2500 Tape & Reel
MC74ACT374DT TSSOP-20 75 Units/Rail
MC74ACT374DTR2 | TSSOP-20 | 2500 Tape & Reel
MC74AC374M EIAJ-20 40 Units/Rail
MC74AC374MEL EIAJ-20 |2000 Tape & Reel
MC74ACT374M EIAJ-20 40 Units/Rail
MC74ACT374MEL EIAJ-20 |2000 Tape & Reel

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 7 of this data sheet.

Publication Order Number:

MC74AC374/D




MC74AC374, MC74ACT374

TRUTH TABLE FUNCTIONAL DESCRIPTION

Inputs Outputs _The MC7_4AC374/7{1AC_T3_74_1 consists of nght edge—
— triggered flip—flops with individual D-type inputs and
Pn cp OE On 3—statdrue outputs. The buffered clock andfeugédOutput
H I L H Enable are common to all flip—flops. The eight flip—flops
L I L L will store the state of their individual D inputs that meet the
X X H a setup and hold time requirements on the LOW-to—HIGH
E=LH§NHVVCI>ItageLLevTI Clock (CP) transition. With the Output Enable (jQBW,
= oltage Level . . .
X = Immaterial the contents of the eight flip—flops are available a_t the
Z = High Impedance outputs. When the OE HIGH, the outputs go to the high
= LOW-to-HIGH Transition impedance state. Operation of the @Rut does not affect
the state of the flip—flops.
Do D4 Do D3 Dy D5 Dg D7
» ey T T I 11 ]
CP D CP D CP D CP D CP D CP D CP D CP D
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
OE
I I I I I I I
Op (O 0o O3 04 Os Og 07
NOTE: That this diagram is provided only for the understanding of logic
operations and should not be used to estimate propagation delays.
Figure 3. Logic Diagram
MAXIMUM RATINGS*
Symbol Parameter Value Unit
Vce DC Supply Voltage (Referenced to GND) -0.5t0 +7.0 \%
VIN DC Input Voltage (Referenced to GND) -0.5to V¢ +0.5 \
VouT DC Output Voltage (Referenced to GND) -0.5to Vcc +0.5 \Y
IIN DC Input Current, per Pin +20 mA
louT DC Output Sink/Source Current, per Pin +50 mA
Icc DC Vcc or GND Current per Output Pin +50 mA
Tstg Storage Temperature —65 to +150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the
Recommended Operating Conditions.

http://onsemi.com
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MC74AC374, MC74ACT374

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
'AC 2.0 5.0 6.0
Vee Supply Voltage 'ACT 45 5.0 55 v
VIN: VouT | DC Input Voltage, Output Voltage (Ref. to GND) 0 Vce \%
Vcc @ 3.0V - 150 -
[ e e vecousv [ = [ |- e
Vcc @55V - 25 -
t Ilnput Rise_ and Fall Time (Npte 2) Vcc @45V - 10 - sV
ACT Devices except Schmitt Inputs Vec @55V _ 8.0 _
T) Junction Temperature (PDIP) - - 140 °C
TA Operating Ambient Temperature Range -40 25 85 °C
IoH Output Current — High - - -24 mA
loL Output Current — Low - - 24 mA

1. V)N from 30% to 70% Vcc; see individual Data Sheets for devices that differ from the typical input rise and fall times.
2. VN from 0.8 V to 2.0 V; see individual Data Sheets for devices that differ from the typical input rise and fall times.

DC CHARACTERISTICS

T4AC 7T4AC
V. Ta=
Symbol Parameter (S)C Tp =+25°C —40°C to Unit Conditions
+85°C
Typ Guaranteed Limits
VIH Minimum High Level 3.0 15 2.1 2.1 VoyTt=0.1V
Input Voltage 4.5 225 | 3.15 3.15 \% orVcc—-0.1V
5.5 275 | 3.85 3.85
VL Maximum Low Level 3.0 15 0.9 0.9 VouyT=0.1V
Input Voltage 4.5 225 | 1.35 1.35 \ orVcc-0.1V
55 275 | 1.65 1.65
VOH Minimum High Level 3.0 2.99 2.9 2.9 loyT =-50 A
Output Voltage 4.5 4.49 4.4 4.4 \%
55 5.49 5.4 5.4
*VIN = VL or Vi
3.0 - 2.56 2.46 Vv -12 mA
4.5 - 3.86 3.76 loH —24 mA
55 - 4.86 4.76 —24 mA
VoL Maximum Low Level 3.0 0.002 | 0.1 0.1 loyT =50 pA
Output Voltage 4.5 0.001 ] 0.1 0.1 \%
55 0.001 | 0.1 0.1
*VIN=VILOrVIH
3.0 - 0.36 0.44 v 12 mA
4.5 - 0.36 0.44 loL 24 mA
5.5 — 0.36 0.44 24 mA
IIN Maximum Input 55 101 +10 A Vi=V GND
Leakage Current : - - - H I=Vee
loz Maximum V| (OE) = V|, VIH
3-State 55 - +0.5 +5.0 MA V| =Vcc, GND
Current Vo =Vce, GND

*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.

NOTE: IjyandIcc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

http://onsemi.com
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DC CHARACTERISTICS (continued)

MC74AC374, MC74ACT374

74AC T4AC
TaA =
Vce o A . o,
Symbol Parameter Ta =+25°C —40°C to Unit Conditions
% .
+85°C
Typ Guaranteed Limits
loLD tMinimum Dynamic 55 - - 75 mA VoLD = 1.65V Max
Output Current _
IOHD Hiput 5.5 - - 75 mA  |Vonp =3.85 V Min
Icc Maximum Quiescent
Supply Current 55 - 8.0 80 HA VN =Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.

IIN and Icc @ 3.0 V are guaranteed to be less than or equal to the respective limit @ 5.5 V Vcc.

NOTE:

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3 of the ON Semiconductor FACT Data Book, DL138/D)

74AC 74AC
Tp = —-40°C .
Veet Tp = +25°C Fig.
Symbol Parameter ((\:/(): CA =50 pF to +85°C Unit ng
L CL =50 pF :
Min Typ Max Min Max
‘ Maximum Clock 3.3 60 110 - 60 - MH 33
max Frequency 50 | 100 | 155 | - | 100 | - z .
¢ Propagation Delay 3.3 3.0 11 135 15 155 36
PLH CP 1o Op 50 | 25 | 80 | 95 | 15 | 105 | ™ .
¢ Propagation Delay 3.3 25 10 12.5 2.0 14 36
PHL CPto Oy, 50 | 20 | 70 | 90 | 15 | 10 ns .
. 3.3 3.0 9.5 11.5 1.5 13
tpzH Output Enable Time 50 20 70 85 10 95 ns 3-7
. 3.3 2.5 9.0 11.5 1.5 13
tpzL Output Enable Time 50 20 6.5 8.5 10 95 ns 3-8
. ) 3.3 3.0 105 | 125 2.0 14.5
tPHZ Output Disable Time 50 20 8.0 1 20 125 ns 3-7
. ) 3.3 2.0 8.0 115 1.0 125
tpLz Output Disable Time 50 15 6.5 8.5 10 10 ns 3-8
*Voltage Range 3.3V is 3.3V 0.3 V.
Voltage Range 5.0 Vis 5.0 V 0.5 V.
AC OPERATING REQUIREMENTS
74AC 74AC
Tp = —40°C .
Vcc* Tpa = +25°C Fig.
Symbol Parameter ((\:/(): CA - 50 pE to +85°C Unit ng
L=59P CL =50 pF :
Typ Guaranteed Minimum
¢ Setup Time, HIGH or LOW 3.3 2.0 55 6.0 39
s Dp to CP 50 | 1.0 4.0 45 ns .
¢ Hold Time, HIGH or LOW 33 -1.0 1.0 1.0 39
h Dp to CP 50 | o 15 15 ns -
; CP Pulse Width 3.3 4.0 55 6.0 36
w HIGH or LOW 50 | 25 4.0 45 ns -

*\oltage Range 3.3V is 3.3V 0.3 V.

Voltage

Range 5.0 Vis 5.0 V 0.5 V.

http://onsemi.com
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DC CHARACTERISTICS

MC74AC374, MC74ACT374

TAACT T4ACT
V. Ta=
Symbol Parameter (S)C Tp = +25°C —40°C to Unit Conditions
+85°C
Typ Guaranteed Limits
VIH Minimum High Level 4.5 15 2.0 2.0 Vv VoyTt=0.1V
Input Voltage 5.5 1.5 2.0 2.0 orVcc-0.1V
VL Maximum Low Level 4.5 15 0.8 0.8 VoyTt=0.1V
\%
Input Voltage 5.5 1.5 0.8 0.8 orVcc-0.1V
VOH Minimum High Level 4.5 4.49 4.4 4.4 v louT =-50 pA
Output Voltage 5.5 5.49 5.4 5.4
*VIN=VILOrVIH
4.5 — 3.86 3.76 \% | —-24 mA
5.5 - | as6 4.76 OH  _2ama
VoL Maximum Low Level 4.5 0.001 | 0.1 0.1 v louT =50 pA
Output Voltage 55 0.001 | 0.1 0.1
*VIN=VILOrVIH
4.5 - 0.36 0.44 \% | 24 mA
5.5 - |o3s 0.44 oL 24 mA
IN Mauimunm Input 5.5 +0.1 +1.0 A |v=vce, GND
Leakage Current ' - - - H I=Vee
AlceT Additional Max. Icc/Input 5.5 0.6 - 15 mA Vi=Vcc-21V
loz Maximum V| (OE) = V|, VIH
3-State 55 - +0.5 15.0 HA V| =Vcc. GND
Current Vo =Vcc, GND
loLD tMinimum Dynamic 55 - - 75 mA VoLD = 1.65V Max
Output Current -
IOHD P 5.5 - - 75 mA | VoHD =3.85 V Min
Icc Maximum Quiescent B
Supply Current 55 - 8.0 80 pA VIN = Vcc or GND

*All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3 of the ON Semiconductor FACT Data Book, DL138/D)

TAACT TAACT
Ta =-40°C .
Vee?* Ta = +25°C Fig.
Symbol Parameter ((\:/(): CA - 50 pE to +85°C Unit Ng
L=>0P CL =50 pF '
Min Typ Max Min Max
Maximum Clock
fmax Frequency 5.0 100 160 - 90 - MHz 3-3
t Propagation Delay 50 [ 20 |85 | 10 | 20 |15 | ns | 36
PLH CP to Opy : ' ' : '
Propagation Delay .
tpHL CP to Oy, 5.0 20 8.0 9.5 15 1 ns 3-6
tpzH Output Enable Time 5.0 2.0 8.0 9.5 15 10.5 ns 3-7
tpzL Output Enable Time 5.0 15 8.0 9.0 15 105 ns 3-8
tpHZ Output Disable Time 5.0 15 8.5 11.5 1.0 12.5 ns 3-7
tpLz Output Disable Time 5.0 15 7.0 85 1.0 10 ns 3-8

*Voltage Range 5.0 Vis 5.0 V +0.5 V.

http://onsemi.com
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MC74AC374, MC74ACT374

AC OPERATING REQUIREMENTS

7AACT T4ACT
Ta =—40°C ,
Vce* Ta = +25°C Fig.
Symbol Parameter ((\:/(): CA =50 pF to +85°C Unit Nl(g)
L CL =50 pF :
Typ Guaranteed Minimum
Setup Time, HIGH or LOW
ts Dy, to CP 5.0 1.0 5.0 55 ns 3-9
Hold Time, HIGH or LOW
th Dy, to CP 5.0 0 15 15 ns 3-9
CP Pulse Width
tw HIGH or LOW 5.0 25 5.0 5.0 ns 3-6
*Voltage Range 5.0 Vis 5.0 V £0.5 V.
CAPACITANCE
Symbol Parameter V.?)lll;e Unit Test Conditions
CIN Input Capacitance 4.5 pF Vcec =50V
Cpp Power Dissipation Capacitance 80 pF Vcec =50V

http://onsemi.com
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MC74AC374, MC74ACT374

MARKING DIAGRAMS

SO-20 TSSOP-20
oooon RRARRARAR
AWLYYWW AC
374
o ALYW
iGELELELL
sl RRARRARAR
AWLYYWW ACT
374
o ALYW
ILEREELEL
A = Assembly Location
WL, L = Wafer Lot
YY,Y =Year

WW, W = Work Week
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MC74AC374, MC74ACT374

PACKAGE DIMENSIONS

PDIP-20
N SUFFIX
20 PIN PLASTIC DIP PACKAGE
CASE 738-03
ISSUE E
[ —_A— >
NOTES:
S U L oy iy 1. wimsmweANDTOLERANcmG PER ANSI
" _f 2. CONTROLLING DIMENSION: INCH.

o B 3. DIMENSION L TO CENTER OF LEAD WHEN
) |y FORMED PARALLEL.

AR R R R RS RS

Bl

DIMENSION B DOES NOT INCLUDE MOLD

—c - | —» FLASH.
INCHES | MILLIMETERS
— DIM[ WMIN | MAX [ mIN | mAx
A | 1010 [ 1.070 | 2566 | 27.17
I B | 0240 | 0260 | 610 | 660
= / \ c | 0150 | 0.180 | 381 | 457
SEATING / Y\ D [ 0015 | 0.022 | 039 | 055
PLANE M E 0.050 BSC 1.27BSC
\/ F | 0050 [ 0070 | 127 | 1717
~ > G [ 0100BSC 254 BSC
F J | 0008 [ 0015 | 021 | 038
—»fle— J 20pL K | 0110 [ 0140 | 280 | 355
L | 0300BSC 7.62BSC
D 20PL [©]0250010®@|T[B @| W oo 551 0o 15°
|$| 0.25 (0.010)®|T| A @| N | 0020 | 0040 | 051 | 101

S0O-20
DW SUFFIX
20 PIN PLASTIC SOIC PACKAGE
CASE 751D-05
ISSUE F

-t D L.
0
HAEAHAAHAAAA NoTES:
1. DIMENSIONS ARE IN MILLIMETERS.
| n 2. INTERPRET DIMENSIONS AND TOLERANCES
RSP
| PROTRUSION. ALLOWABLE PROTRUSION SHALL
| BE 0.13 TOTAL IN EXCESS OF B DIMENSION AT

. PER ASME Y14.5M, 1994.
N
ey
1 I 1 L \ MAXIMUM MATERIAL CONDITION.
v Hbbgodbbood Y

]

3. DIMENSIONS D AND E DO NOT INCLUDE MOLD
PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

. DIMENSION B DOES NOT INCLUDE DAMBAR

10X H

bl025 @[B®]

[

MILLIMETERS
B] ~ DIM| MIN | MAX
20X B A | 235 | 265
Al | 010 | 025
|€B|0.25 ®|T|A©|B©| B | 035 | 049
C | 023 03
l D | 12.65 | 12.95
L E | 740 | 7.60

e 1.27 BSC
A i H [ 10.05 [ 1055
_ 025 | 0.75
SEATING I(; o.goo 090

PLANE T 7

C

http://onsemi.com
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MC74AC374, MC74ACT374

PACKAGE DIMENSIONS

TSSOP-20
DT SUFFIX
20 PIN PLASTIC TSSOP PACKAGE
CASE 948E-02
ISSUE A

|€B|015(0006)|T|U @j "; zixofoR(zFom ®[1[UB|VE]
- HHARARARAN

[ex Li2]
R _ _ B
PIN 1 U=

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A DOES NOT INCLUDE MOLD

FLASH, PROTRUSIONS OR GATE BURRS. MOLD

FLASH OR GATE BURRS SHALL NOT EXCEED
0.15 (0.006) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE
INTERLEAD FLASH OR PROTRUSION.

INTERLEAD FLASH OR PROTRUSION SHALL NOT

EXCEED 0.25 (0.010) PER SIDE.

5. DIMENSION K DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM

1
MATERIAL CONDITION.
H H H H H H H H HH 6. TERMINAL NUMBERS ARE SHOWN FOR
/ REFERENCE ONLY.
|€B|0.15(0.006)|T|U®| e 7. DIMENSION A AND B ARE TO BE
DETERMINED AT DATUM PLANE -W-.
- A g MILLIMETERS INCHES
DIM[ MIN [ MAX | mIN | mAX
A | 640 | 660 | 0.052 | 0.260
B | 430 | 450 | 0.169 | 0177
C | —— [ 120 — |o0047
D | 005 015 0.002 | 0006
F | 050 | 075 | 0020 | 0,030
DETAILE G | 065BSC 0.026 BSC
H | 027 | 037 | 0011 | 0015
i J | 009 | 020 | 0.004 | 0.008
c _+_ [ A \ W [t 000 [ 0.6 [ 0.004 | 0006
H K | 019 | 030 | 0.007 | 0012
|||l||l||l||l||l||l||l||l||l||l J\—gg/ R
L | 640BSC 0.252 BSC
p > kG H—»] m | o0° ] s8°| 0°] 8°
DETAIL E
]0.100 (0.004)
—T—| SEATING
PLANE
EIAJ-20
M SUFFIX
20 PIN PLASTIC EIAJ PACKAGE
CASE 967-01
ISSUE O
NOTES:
1. DIMENSIONING AND TOLERANGING PER ANSI
Y14.5M, 1982.

TIET e S

SR HE M? J“T
RRLRERR R Rkl

—> |<—Z DETAIL P

D L.
VIEW P
el P
[
{

p—
o

-

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS D AND E DO NOT INCLUDE
MOLD FLASH OR PROTRUSIONS AND ARE
MEASURED AT THE PARTING LINE. MOLD FLASH
OR PROTRUSIONS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.

4. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

5. THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).

A J—
C
K] !
TR et \Z
IR A B
Ao 600h

http://onsemi.com
9

MILLIMETERS INCHES

| DIM[ MIN | MAX | MIN | MAX
A | - | 205 -— | 0.081
Ay | 005 | 020 | 0.002 | 0.008
| b | 035 050 | 0.014 | 0.020
c | 018 | 027 | 0.007 | 0011
D | 1235 | 12.80 | 0.486 | 0504
E | 510 | 545 | 0201 | 0215

e 1.7 BSC 0.050 BSC
He | 740 | 820 | 0201 [ 0323
L | 050 | 085 | 0020 | 0033
Lg | 110 [ 150 | 0.043 | 0.059
m 0°] 10° | o0°] 10°
Qy | 070 | 090 | 0.028 | 0.035
z | T o081 —— o003
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Notes
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ANALOG
DEVICES

800 MHz, 50 mW
Current Feedback Amplifier

AD8001

FEATURES
Excellent Video Specifications (R, = 150 Q, G = +2)
Gain Flatness 0.1 dB to 100 MHz
0.01% Differential Gain Error
0.025° Differential Phase Error
Low Power
5.5 mA Max Power Supply Current (55 mW)
High Speed and Fast Settling
880 MHz, -3 dB Bandwidth (G = +1)
440 MHz, -3 dB Bandwidth (G = +2)
1200 V/ps Slew Rate
10 ns Settling Time to 0.1%
Low Distortion
-65 dBc THD, f; = 5 MHz
33 dBm 3rd Order Intercept, F; = 10 MHz
-66 dB SFDR, f = 5 MHz
High Output Drive
70 mA Output Current
Drives Up to Four Back-Terminated Loads (75 Q Each)
While Maintaining Good Differential Gain/Phase
Performance (0.05%/0.25°)

APPLICATIONS
A-to-D Driver

Video Line Driver
Professional Cameras
Video Switchers
Special Effects

RF Receivers

PRODUCT DESCRIPTION
The AD8001 is a low power, high-speed amplifier designed
to operate on £5 V supplies. The AD8001 features unique

9
[TTTT]
Vg = £5V
6 < N Rrg = 8200 —
N\ X
3 R, = 1000
g o —
|
2 Vg = #5V \
o -3 Rep = 1kQ
-6
-9
12
10M 100M 16

FREQUENCY - Hz

Figure 1. Frequency Response of AD8001

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAMS

8-Lead DIP (N-8, Q-8) 5-Lead
and SOIC (SO-8) SOT-23-5
o AD8001
w[i] e, e
-IN E Z| v+
V.
+IN[ 3] [6] our s
+IN —IN
v-[4] Apgoor [E]Me g g

NC = NO CONNECT

transimpedance linearization circuitry. This allows it to drive
video loads with excellent differential gain and phase perfor-
mance on only 50 mW of power. The AD8001 is a current
feedback amplifier and features gain flatness of 0.1 dB to 100 MHz
while offering differential gain and phase error of 0.01% and
0.025°. This makes the AD8001 ideal for professional video
electronics such as cameras and video switchers. Additionally,
the AD8001’s low distortion and fast settling make it ideal for
buffer high-speed A-to-D converters.

The AD8001 offers low power of 5.5 mA max (Vs =5 V) and
can run on a single +12 V power supply, while being capable of
delivering over 70 mA of load current. These features make this
amplifier ideal for portable and battery-powered applications

where size and power are critical.

The outstanding bandwidth of 800 MHz along with 1200 V/us
of slew rate make the AD8001 useful in many general purpose
high-speed applications where dual power supplies of up to £6 V
and single supplies from 6 V to 12 V are needed. The AD8001 is
available in the industrial temperature range of —-40°C to +85°C.

Figure 2. Transient Response of AD8001; 2 V Step, G = +2

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



ADSUU] _SPECIFICATIONS (@Ty=+25°C, Vg = =5V, R =100 Q, unless otherwise noted)

Model ADS001A
Conditions Min Typ Max Units
DYNAMIC PERFORMANCE
—3 dB Small Signal Bandwidth, N Package G = +2, < 0.1 dB Peaking, R = 750 Q 350 440 MHz
G = +1, < 1 dB Peaking, Rp = 1 kQ 650 880 MHz
R Package G = +2, < 0.1 dB Peaking, Rz = 681 Q 350 440 MHz
G = +1, < 0.1 dB Peaking, Rg = 845 Q 575 715 MHz
RT Package G = +2, < 0.1 dB Peaking, Rg = 768 Q 300 380 MHz
G = +1, < 0.1 dB Peaking, Rp = 1 kQ 575 795 MHz
Bandwidth for 0.1 dB Flatness
N Package G=+2,Rz=750Q 85 110 MHz
R Package G=+2,Rg=681Q 100 125 MHz
RT Package G=+42,Rg=768 Q 120 145 MHz
Slew Rate G =+2,Vo=2V Step 800 1000 V/ps
G=-1,Vo=2V Step 960 1200 V/us
Settling Time to 0.1% G=-1,V5=2V Step 10 ns
Rise and Fall Time G =+42,Vo=2V Step, Rp = 649 Q 1.4 ns
NOISE/HARMONIC PERFORMANCE
Total Harmonic Distortion fc =5 MHz, Vo =2 V p-p -65 dBc
G=+2,RL=100Q
Input Voltage Noise f=10kHz 2.0 nV/VHz
Input Current Noise f=10 kHz, +In 2.0 pA/VHz
—In 18 pA/NHZ
Differential Gain Error NTSC,G=+2, R.=150Q 0.01 0.025 %
Differential Phase Error NTSC,G=+2,R =150 Q 0.025 0.04 Degree
Third Order Intercept f=10 MHz 33 dBm
1 dB Gain Compression f=10 MHz 14 dBm
SFDR f=5MHz —66 dB
DC PERFORMANCE
Input Offset Voltage 2.0 5.5 mV
Offset Drift 10 uv/eC
—Input Bias Current 5.0 25 TUA
Tamn—Twmax 35 +HIA
+Input Bias Current 3.0 6.0 THA
Tun—Tmax 10 HIA
Open Loop Transresistance Vo=1%25V 250 900 kQ
TMINfTMAX 175 kQ
INPUT CHARACTERISTICS
Input Resistance +Input 10 MQ
—Input 50 Q
Input Capacitance +Input 1.5 pF
Input Common-Mode Voltage Range 3.2 Vv
Common-Mode Rejection Ratio
Offset Voltage Vem =25V 50 54 dB
—Input Current Vem =225V, Tyumw—TMmax 0.3 1.0 HA/NV
+Input Current Vem =225V, Tynw—Tumax 0.2 0.7 MA/V
OUTPUT CHARACTERISTICS
Output Voltage Swing Ry =150Q 2.7 3.1 VvV
Output Current R . =375Q 50 70 mA
Short Circuit Current 85 110 mA
POWER SUPPLY
Operating Range +3.0 6.0 \%
Quiescent Current Tymn—TMmax 5.0 5.5 mA
Power Supply Rejection Ratio +Vg=+4+44Vto+6V,-Vg=-5V 60 75 dB
-Vg=-4V1to-6V,+Vg=+5V 50 56 dB
—Input Current Tun—Tmax 0.5 2.5 HA/NV
+Input Current Tun—-Tmax 0.1 0.5 HA/V

Specifications subject to change without notice.

REV. C



AD8001

ABSOLUTE MAXIMUM RATINGS!
SupplyVoltage . ......... ... 12.6V
Internal Power Dissipation®

Plastic DIP Package (N) ..............ccoovun... 1.3W
Small Outline Package (R) ...................... 0.9W
SOT-23-5 Package RT) ....................... 0.5W
Input Voltage (Common Mode) .................... +Vs
Differential Input Voltage ....................... 1.2V

Output Short Circuit Duration
.................... Observe Power Derating Curves

Storage Temperature Range N, R ......... -65°C to +125°C
Operating Temperature Range (A Grade) ... —40°C to +85°C
Lead Temperature Range (Soldering 10sec) ........ +300°C
NOTES

IStresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

2Specification is for device in free air:
8-Lead Plastic DIP Package: 6, = 90°C/W
8-Lead SOIC Package: 6, = 155°C/W
8-Lead Cerdip Package: 6j, = 110°C/W
5-Lead SOT-23-5 Package: ;4 = 260°C/W

MAXIMUM POWER DISSIPATION

The maximum power that can be safely dissipated by the
ADBS8O001 is limited by the associated rise in junction tempera-
ture. The maximum safe junction temperature for plastic
encapsulated devices is determined by the glass transition tem-
perature of the plastic, approximately +150°C. Exceeding this
limit temporarily may cause a shift in parametric performance
due to a change in the stresses exerted on the die by the package.
Exceeding a junction temperature of +175°C for an extended
period can result in device failure.

While the AD8001 is internally short circuit protected, this

may not be sufficient to guarantee that the maximum junction
temperature (+150°C) is not exceeded under all conditions. To
ensure proper operation, it is necessary to observe the maximum
power derating curves.

2.0

N T; = +150°C
I N 1
kS \ | |
= N 8-LEAD
z 15 8-LEAD " PLASTIC DIP PACKAGE T
o N SOIC PACKAGE N
z ~ N
g ™ NG
3 N
a 1.0
o
% \\\ \\
e \\\ \\
s —
g 0.5
= T~
< I~
s 5-LEAD T~

SOT-23-5 PACKAGE T~

I T [

0
-50 -40 -30-20-10 O 10 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE - °C

Figure 3. Plot of Maximum Power Dissipation vs.

Temperature
ORDERING GUIDE
Temperature Package Package Brand
Model Range Description Option Code
ADS8001AN —40°C to +85°C 8-Lead Plastic DIP N-8
ADS8001AQ -55°C to +125°C 8-Lead Cerdip Q-8
ADS001AR -40°C to +85°C 8-Lead SOIC SO-8
ADS8001AR-REEL -40°C to +85°C 13" Tape and REEL SO-8
ADS8001AR-REEL7 -40°C to +85°C 7" Tape and REEL SO-8
ADS8001ART-REEL -40°C to +85°C 13" Tape and REEL RT-5 HEA
AD8001ART-REEL7 —-40°C to +85°C 7" Tape and REEL RT-5 HEA
AD8001ACHIPS -40°C to +85°C Die Form
5962-9459301 MPA! -55°C to +125°C 8-Lead Cerdip Q-8
AD8001R-EB+2? SOIC Evaluation Board, G = +2

NOTES
!Standard Military Drawing Device.
Refer to Evaluation Board section.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD8001 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

| ESD SENSITIVE DEVICE

REV. C _3-
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AD8001

Vg = =5V

w
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Reg = 8200 —
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Figure 10. Frequency Response, G = +2
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Figure 14. Distortion vs. Frequency, R, = 100 Q
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Figure 22. Frequency Response, G = +10, G = +100
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THEORY OF OPERATION

A very simple analysis can put the operation of the AD8001, a
current feedback amplifier, in familiar terms. Being a current
feedback amplifier, the AD8001’s open-loop behavior is ex-
pressed as transimpedance, AVo/Al 1y, or T7z. The open-loop
transimpedance behaves just as the open-loop voltage gain of a
voltage feedback amplifier, that is, it has a large dc value and
decreases at roughly 6 dB/octave in frequency.

Since the Rypy is proportional to 1/gy;, the equivalent voltage
gain is just Tz X gy, where the gy in question is the trans-
conductance of the input stage. This results in a low open-loop
input impedance at the inverting input, a now familiar result.
Using this amplifier as a follower with gain, Figure 40, basic
analysis yields the following result.

Vo _ ., Ty (S)

Vin T, ($)+GX Ry + Rl
R1

G=1+— Ry =1/ =50 Q
R2 IN &M

Recognizing that G X R;y << R1 for low gains, it can be seen to
the first order that bandwidth for this amplifier is independent
of gain (G). This simple analysis in conjunction with Figure 41
can, in fact, predict the behavior of the AD8001 over a wide
range of conditions.

R1

R2 —

AAA
W

5

Considering that additional poles contribute excess phase at
high frequencies, there is a minimum feedback resistance below
which peaking or oscillation may result. This fact is used to
determine the optimum feedback resistance, Rg. In practice
parasitic capacitance at Pin 2 will also add phase in the feedback
loop, so picking an optimum value for Ry can be difficult. Fig-
ure 42 illustrates this problem. Here the fine scale (0.1 dB/div)
flatness is plotted vs feedback resistance. These plots were taken
using an evaluation card which is available to customers so that
these results may readily be duplicated (see Evaluation Board
section).

—O Vour

Figure 40.
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Achieving and maintaining gain flatness of better than 0.1 dB at
frequencies above 10 MHz requires careful consideration of
several issues.

im
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|
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Figure 41. Transimpedance vs. Frequency
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Figure 42. 0.1 dB Flatness vs. Frequency

Choice of Feedback and Gain Resistors

Because of the above-mentioned relationship between the band-
width and feedback resistor, the fine scale gain flatness will, to
some extent, vary with feedback resistance. It, therefore, is
recommended that once optimum resistor values have been
determined, 1% tolerance values should be used if it is desired
to maintain flatness over a wide range of production lots. In
addition, resistors of different construction have different associ-
ated parasitic capacitance and inductance. Surface mount resis-
tors were used for the bulk of the characterization for this data
sheet. It is not recommended that leaded components be used
with the AD8001.
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Printed Circuit Board Layout Considerations

As to be expected for a wideband amplifier, PC board parasitics
can affect the overall closed-loop performance. Of concern are
stray capacitances at the output and the inverting input nodes. If
a ground plane is to be used on the same side of the board as
the signal traces, a space (5 mm min) should be left around the
signal lines to minimize coupling. Additionally, signal lines
connecting the feedback and gain resistors should be short
enough so that their associated inductance does not cause high
frequency gain errors. Line lengths on the order of less than

5 mm are recommended. If long runs of coaxial cable are being
driven, dispersion and loss must be considered.

Power Supply Bypassing

Adequate power supply bypassing can be critical when optimiz-
ing the performance of a high frequency circuit. Inductance in
the power supply leads can form resonant circuits that produce
peaking in the amplifier’s response. In addition, if large current
transients must be delivered to the load, then bypass capacitors
(typically greater than 1 YF) will be required to provide the best
settling time and lowest distortion. A parallel combination of
4.7 UF and 0.1 YF is recommended. Some brands of electrolytic
capacitors will require a small series damping resistor =4.7 Q for
optimum results.

DC Errors and Noise

There are three major noise and offset terms to consider in a
current feedback amplifier. For offset errors refer to the equa-
tion below. For noise error the terms are root-sum-squared to
give a net output error. In the circuit below (Figure 43) they are
input offset (Vip) which appears at the output multiplied by the
noise gain of the circuit (1 + R¢/R;), noninverting input current
(Isx X Ry) also multiplied by the noise gain, and the inverting
input current, which when divided between Rr and Ry and sub-
sequently multiplied by the noise gain always appears at the
output as Igy X Rg. The input voltage noise of the AD8001 is a
low 2 nV/VHz. At low gains though the inverting input current
noise times Rg is the dominant noise source. Careful layout and
device matching contribute to better offset and drift specifica-
tions for the AD8001 compared to many other current feedback
amplifiers. The typical performance curves in conjunction with
the equations below can be used to predict the performance of
the AD8001 in any application.

o gr.0 o gr.0
VOUT:VIOX[j"'_F[:liIBNXRNx[j"'_F[:liIBIxRF
0 RO 0 RO

Re

—O Vour

Figure 43. Output Offset Voltage
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Driving Capacitive Loads

The AD8001 was designed primarily to drive nonreactive loads.
If driving loads with a capacitive component is desired, best
frequency response is obtained by the addition of a small series
resistance as shown in Figure 44. The accompanying graph
shows the optimum value for Rggrigs vs. capacitive load. It is
worth noting that the frequency response of the circuit when
driving large capacitive loads will be dominated by the passive
roll-off of RSERIES and CL.

9090

Rseries
A

+ Rig

5000 3

Figure 44. Driving Capacitive Loads
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Figure 45. Recommended Rsegies vs. Capacitive Load

-11-




AD8001

Communications

Distortion is a key specification in communications applications.
Intermodulation distortion (IMD) is a measure of the ability of
an amplifier to pass complex signals without the generation of
spurious harmonics. The third order products are usually the
most problematic since several of them fall near the fundamen-
tals and do not lend themselves to filtering. Theory predicts that
the third order harmonic distortion components increase in
power at three times the rate of the fundamental tones. The
specification of third order intercept as the virtual point where
fundamental and harmonic power are equal is one standard
measure of distortion performance. Op amps used in closed-
loop applications do not always obey this simple theory. At a
gain of two, the AD8001 has performance summarized in Fig-
ure 46. Here the worst third order products are plotted vs. input
power. The third order intercept of the AD8001 is +33 dBm at
10 MHz.
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Figure 46. Third Order IMD; F; = 10 MHz, F, = 12 MHz
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Operation as a Video Line Driver

The AD8001 has been designed to offer outstanding perfor-
mance as a video line driver. The important specifications of
differential gain (0.01%) and differential phase (0.025°) meet
the most exacting HDTV demands for driving one video load.
The AD8001 also drives up to two back terminated loads as
shown in Figure 47, with equally impressive performance (0.01%,
0.07°). Another important consideration is isolation between
loads in a multiple load application. The AD8001 has more
than 40 dB of isolation at 5 MHz when driving two 75 Q back
terminated loads.

750
9090 9090 750 CABLE
Vout #1
750
+Vs  0.001pF
0
750
750 CABLE
Vour #2
75Q
Figure 47. Video Line Driver
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to both ADCs as shown in Figure 48 reduces the number of
external components required to create a complete data
acquisition system. The 20 Q resistors in series with ADC in-
puts are used to help the AD8001s drive the 10 pF ADC input
capacitance. The AD8001 only adds 100 mW to the power
consumption while not limiting the performance of the circuit.

Driving A-to-D Converters

The AD8001 is well suited for driving high speed analog-to-
digital converters such as the AD9058. The AD9058 is a dual
8-bit 50 MSPS ADC. In the circuit below the AD8001 is shown
driving the inputs of the AD9058, which are configured for 0 V
to +2 V ranges. Bipolar input signals are buffered, amplified
(-2x), and offset (by +1.0 V) into the proper input range of the
ADC. Using the AD9058’s internal +2 V reference connected

1kQ
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10 36 50“% gmpF
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8
6430 -VREF A e |92 5y
38 -VReF B N 1pF
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INA O—wA—4 - R71
+0.5v 200 6 (J-LEAD)
AD8001 M ANA Dox (LSB) 18 o] —
13kQ 2 + AI 17 o
16
[ ] I
—2v + 2l 4y, | 15 g
AD707 T * h
I o [ [ : 5 b
0.1pF g — A i +VREF A | 13 . 3
N
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M g 11
L D7a (MSB) d
1.3kQ 3 L |
] 6490 28 Rz2 {
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Figure 48.
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Layout Considerations

The specified high speed performance of the AD8001 requires
careful attention to board layout and component selection.
Proper Rpdesign techniques and low parasitic component selec-
tion are mandatory.

The PCB should have a ground plane covering all unused por-
tions of the component side of the board to provide a low im-
pedance ground path. The ground plane should be removed
from the area near the input pins to reduce stray capacitance.

Chip capacitors should be used for supply bypassing (see Figure
49). One end should be connected to the ground plane and the
other within 1/8-inch of each power pin. An additional large

(4.7 yF-10 pF) tantalum electrolytic capacitor should be con-
nected in parallel, but not necessarily so close, to supply current
for fast, large-signal changes at the output.

The feedback resistor should be located close to the inverting
input pin in order to keep the stray capacitance at this node to a
minimum. Capacitance variations of less than 1 pF at the invert-
ing input will significantly affect high speed performance.

Stripline design techniques should be used for long signal traces
(greater than about 1 in.). These should be designed with a
characteristic impedance of 50 Q or 75 Q and be properly termi-
nated at each end.

Re Re
+Vg +VsO—¢ 4 +Vg
Rg _T_ c1 l c3 Re
IN Ro T 0.1pF T 10pF - Ro
Ry —w—(0) ouT v —w—(0) ouT
. vV 1o Tea IN +
S 0.1pF 10mF Ry
Vs -VsO 1— 1— Vs
Inverting Configuration Supply Bypassing Noninverting Configuration

Figure 49. Inverting and Noninverting Configurations for Evaluation Boards

Table I. Recommended Component Values

ADS8001AN (DIP) ADS8001AR (SOIC) ADS001ART (SOT-23-5)
Gain Gain Gain

Component -1 +1 +2 +10 +100 -1 +1 +2 +10 +100 -1 +1 +2 +10 +100
Re (Q) 649 1050 | 750 470 1000 604 953 681 470 1000 845 | 1000 | 768 470 1000
R; () 649 750 51 10 604 681 51 10 845 768 51 10
Ro (Nominal) (Q) {49.9 | 49.9 | 49.9 | 49.9 | 49.9 49.9 | 49.9 49.9 49.9 49.9 49.9 149.9 | 49.9 49.9 | 49.9
R (Q) 0 0 0
Rt (Nominal) (Q) |54.9 | 49.9 | 49.9 | 49.9 | 49.9 54.9 | 49.9 49.9 49.9 49.9 54.9 [49.9 | 49.9 49.9 | 49.9
Small Signal 340 880 460 260 20 370 710 440 260 20 240 | 795 | 380 260 20

BW (MHz)
0.1 dB Flatness 105 70 105 130 100 120 110 |300 | 145

(MHz)
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ordering information, please refer to the Ordering Guide. The
layout of the evaluation board can be used as shown or serve as

a guide for a board layout.

Evaluation Board
An evaluation board for the AD8001 is available that has been

carefully laid-out and tested to demonstrate that the specified
high speed performance of the device can be realized. For

ANALOG

@ DEVICES
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[
]
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=] [+] Q
)] & 0 HOuMERTER
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Figure 50. Evaluation Board Figure 51. Evaluation Board Layout Figure 52. Evaluation Board Layout
Silkscreen (Top) (Solder Side) (Component Side)
—-15—
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

8-Lead Plastic DIP

(N-8)
0.430 (10.92)
"I 0.348 (8.84)
PP PPN
8
* [ 0.280 (.11
0.240 (6.10)
ol 4
Y Al 0.325 (8.25)
0.100 (2.54) 0.300 (7.62)
BsC 0.060 (1.52)
0.210 0.015 (0.38) 0.195 (4.95)
(5.33) i 0115 (2.93)
MAX A 0.130
0.160 (4.06) (3.30)
0.115 (2.93) _ \ gy MN
0.015 (0.381)

>l
0.022 (0.558) 0.070 (1.77) SEATING

0014 (0.356) 0.045 (L15) 0.008 (0.204)
0.014 (0.356) 0.045 (1.15) PLANE

8-Lead Plastic SOIC

8-Lead Cerdip

(Q-8)
0.005 (0.13)  0.055 (L.4)
MIN MAX
e -
0.310 (7.87)
0.220 (5.59)
- e
0.100 (2.54) BSC
0.405 (10.29) MAX 0.320 (8.13)
7 " 0.200 (7.37)"
0.060 (1.52)
0.200.(5.08) 0.015 (0.38)
MAX
(= 0.150
0.200 (5.08) (3.81)
0.125 (3.18) N\ _y MIN
BN - 0.015 (0.38)

0.023 (0.58) 0.070 (1.78) po\\;:ENG

0.014 (0.36) 0.030 (0.76)

%5: 0.008 (0.20)

5-Lead Plastic Surface Mount (SOT-23)

(SO-8) (RT-5)
0.1968 (5.00) e 0:1181(3.00)
"‘0.1890 (4.80) T’ 0.1102 (2.80)
AAAA[
0.1574 (4.00) |0 *l|0.2440 (6.20) E ! E
. . 5 4
0.1574 (4.00) 9.2440 (6.29) 0.0669 (1.70) B _ 0.1181 (3.00)
0.1497'(3.80) L 4||0.2284 (5.80) Wasm:l: B o 1024 (2.60)
AHHHH
o 00500 (1.27) 0.0196 (0.50) PIN1 /é é
Bae *I [+ 50009025 * 4" 0.0374 (0.95) BSC
0.0688 (1.75) ) — 0 0728 (1.90
0.0098 (0. ZS)Lﬁﬂ 00532(135) X Y7\ BS(C )
00040 0.10) ¥ § g sl .
SEATING ‘w 0.0098 (0.25) O° W 00512(130) } [=—— V¥ 0.0571 (1.45)
PLANE  0.0138(0.35) 00075 (0.19)  0-0160(041) 0.0354 (0.90) 0.0374 (0.95)
> e
0.0059 (0.15) 0.0197 (0.50) Efﬁmﬁ:\‘@

0.0019 (0.05) 0.0138 (0.35)

~16-

0.0079 (0.20)

0.0031 (0.08)
100 et
0°  0.0217 (0.55)
0.0138 (0.35)

REV.C

C1886¢-0-12/99

PRINTED IN U.S.A.



Appendix E: MX045 Data Sheet
80.000 MHz Clock Oscillator
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