INTEGRATED
CIRCUITS

== UNITRODE
10-Bit Serial D/A Converter

FEATURES

10 Bit Resolution

1.1ps Output Rise Time
2.5us Settling Time to 1%
Single +5V Supply
Monotonic

Low Power Sleep Mode
Three-wire Serial Interface
20MHz Data Rate

8 Pin SOIC and DIL Package

BLOCK DIAGRAM

UCC5950

DESCRIPTION

The UCC5950 is a self-contained, microprocessor-compatible 10-bit D/A con-
verter. It contains all of the functions required to take data directly from a three-
wire serial data bus and convert it to a precise voltage, including: an input shift
register, data latches, a precision voltage reference, a precision 10-bit digital to
analog converter, and an output buffer amplifier.

The serial data interface is capable of clock frequencies as high as 20MHz, al-
lowing update rates as high as two words per microsecond. The UCC5950 ac-
cepts commands encoded as 2’'s-complement binary.

The data converter in the UCC5950 is inherently monotonic, making this part
ideal for use in closed-loop servo control systems as well as open-loop data
conversion. The UCC5950 uses a unique segmented data converter which of-

fers differential linearity better than 1 LSB, integral linearity better than 2 LSB,
and fast conversion.

Divide
By 10
Counter

B
\
2.15 Volt 2.15V__ - REF
Reference ouTt
:R 1.1V |
to \
; 3.2V DAC
| ._i> 8] ouT
r“’\'\'— 10 Bit D/A Divider -~ R ‘
\
R
1
> 10 Bit Data Latch - \

-
|
SLEEP[I:i]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

SLOD SCLK SDIO

I

” 10 Bit Shift Register |

UDG-95034

2/95



ABSOLUTE MAXIMUM RATINGS

CONNECTION DIAGRAM

UCC5950

/

VDD Supply Voltage. .. ... 6.5V ) } :
Input Voltage, Any Input. . .. ............ —0.3V to VDD+0.3V BIL %’ %O;C E|3((T0p View)
Output Current, Any Output . .. ........... ... .. +*5mA orJ, ackage
Operating Temperature .................. -55°C to +150°C
Storage Temperature . . .. ................ -65°C to +150°C
Lead Temperature . ... ........coiiiruinnnnne .. 300°C REFOUT
All voltages with respect to GND. All currents are positive into, GND
negative out of, the specified terminal. Consult Packaging Sec-
tion of Databook for thermal limitations and considerations of SLEEP
packages.

SLOD

'8|DACOUT

7] vDD
6] spio
5]scLK

ELECTRICAL CHARACTERISTICS Unless otherwise stated, all specifications apply for 4.5V < VDD < 5.5V, REFOUT
Load < 100pF, DACOUT Load < 100pF, 0°C < TA< +70°C, and TA=TJ.

PARAMETER | TEST CONDITIONS | min. | TYP. | max. [uniTs
OVERALL SECTION
Supply Current SLEEP = 0V 15 5 mA
Supply Current SLEEP =5V 0.1 10 HA
REFERENCE SECTION
REFOUT Output Voltage 2.10 2.15 2.20 \%
REFOUT Change with VDD 4.5V <VDD < 5.5V 1 10 mV
REFOUT Change with Load —1mA < IREFOUT < ImA 1 10 mV
D/A SECTION
Integral Nonlinearity (Note 1) 2 LSB
Differential Nonlinearity 1 LSB
Full Scale Difference from 1.4924 x REF -8 8 LSB
Zero Scale Difference from 0.5089 x REF -8 8 LSB
DACOUT Full Scale Rise/Fall Time From 10% to 90% of swing (Note 4) 0.7 11 s
DACOUT Full Scale Settling Time (TS) (Note 2, 3, 4) 14 25 s
DACOUT Change with VDD 4.5V <VDD < 5.5V 1.5 10 mV
DACOUT Change with Load —1mA < IbAcouT < 1mA 1.2 10 mV
LOGIC SECTION
Logic Input Threshold 15 25 35 V
Logic Input Current 0V <VIN<VDD 5 HA
Logic Input Capacitance (Note 4) 2.7 10 pF
SLOD Setup Time to SCLK low (TSLS) (Note 4) 50 ns
SLOD Hold Time from SCLK high (TSLH) From 10" SCLK high (Note 4) 50 ns
SDIO Setup Time to SCLK high (TDS) (Note 4) 15 ns
SDIO Hold Time from SCLK high (TDH) (Note 4) 7 ns

Note 1: Integral nonlinearity is defined as the worst deviation of the converter output from the best-fit straight line through

all converter output codes.
Note 2: From 10™ Rising Edge of SCLK.
Note 3: Settling time is to 1% of final value.

Note 4: Guaranteed by design. Not 100% tested in production.



TYPICAL CHARACTERISTICS

UCC5950

REFOUT vs Temperature
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PIN DESCRIPTIONS
DACOUT: The output of the 10-bit D/A Converter. For
best settling time, minimize load capacitance.

DACOUT will go to a voltage between 1.094V and
3.208V depending on the digital code loaded into the
latches. The digital code follows this pattern:

Input Code Typical DACOUT Significance
1000000000 1.094V Zero Scale
1000000001 1.096V
1000000010 1.098Vv
1111111111 2.151V
0000000000 2.153V Mid Scale
0000000001 2.155V
0111111110 3.206V
0111111111 3.208V Full Scale

GND: All signals are referenced to GND.

REFOUT: The output of the temperature-compensated
2.15V reference. DO NOT BYPASS REFOUT! For best
stability and transient response, minimize capacitance on
REFOUT.

UCC5950

SCLK: Data is clocked into the D/A after SLOD goes low
on rising edges of SCLK. After 10 rising edges of SCLK,
the data is latched into the D/A output register and the
output is updated. Further clock signals on SCLK are ig-
nored until SLOD initiates a new read cycle.

SDIO: After SLOD goes low, data is clocked into the D/A
from the SDIO input, on rising edges of SCLK, LSB first.
After 10 rising edges, data is latched and converted, and
further SCLK and SDIO information is ignored.

SLEEP: SLEEP is the power-down input to the D/A. In
systems not requiring this function, wire SLEEP to GND.

SLOD: SLOD is the chip-select input to the UCC5950.
SLOD going low selects the D/A and enables clocking of
data from SDIO into the D/A. After 10 SCLK pulses, the
D/A is updated and SLOD is ignored until SLOD goes
high and again goes low.

VDD: All analog and digital functions are powered from
VDD. VDD should be a well-regulated supply to minimize
output variations. Bypass VDD to GND with a ceramic
capacitor very close to the UCC5950.

SERIAL DATA INTERFACE TIMING AND LOGIC TABLE
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UDG-95035
SLOD Internal Flag SCLK SDIO Internal Count Action DACOUT
1 1 don’t care don't care 0 no action V(1)
0 0 rising edge DATA <10 Shift In DATA V(1)
0 0 rising edge DATA 10 Latch New DATA V(t+1)
Set Internal Flag
Reset Count
0 1 don't care don't care 0 no action V(1)

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603) 424-3460
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
UCC5950D OBSOLETE SOIC D 8 TBD Call TI Call Tl
UCC5950DTR OBSOLETE SOIC D 8 TBD Call Tl Call Tl
UCC5950N OBSOLETE PDIP P 8 TBD Call Tl Call Tl

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

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

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

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

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

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

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

Addendum-Page 1


http://www.ti.com/productcontent

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

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

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2005, Texas Instruments Incorporated
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