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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placing orders, that the information being relied
on is current. .

Tl warrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent TI deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
represent that any license, either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

Copyright © 1998, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Printing Company
Owensville, Missouri -



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard data acquisition integrated circuits. They are
designed to provide highly reliable circuits for peripheral support applications of microprocessor-based
systems, DSP (digital signal processing) related analog interfaces, video and high-speed converters,
digitizing requirements that demand ADC and DAC conversion, and general-purpose functions.

This data book provides information on the following product groups:

Serial I/O Analog-to-Digital Converters

General Purpose Parallel Output Analog-to-Digital converters
Stereo Audio Analog-to-Digital Converters

Multiplexed BCD-Output, Dual Slope Analog-to-Digital Converters
Video and High-Speed Analog-to-Digital Converters

Video and High-Speed Digital-to-Analog Converters

General Purpose Serial-Input Digital-to-Analog Converters
General Purpose Parallel-Input Digital-to-Analog Converters
Stereo Audio Digital-to-Analog Converters

Analog Interface Circuits (AICs)

Special Function Circuits (PLL, Clamping, Filter, Amplifier)
Video Interface Palettes

CCD Interface Analog-to-Digital Converters

These products cover applications such as audio, graphics, communications, modems and cellular phones,
video capture and image processing, industrial control and disk-drive servo-loop control, automotive,
electronic instrumentation, digital audio, and any DSP or microprocessor-based system.

Texas Instruments, the world’s leading supplier of DSP solutions, is committed to meeting the needs of
industry by accelerating the development of new differentiated analog products, while continuing to provide
world-class quality, and customer support.

An electronic version of this data book, including all Mixed-Signal & Analog products, is available from TI.
The InfoNavigator CD-ROM, which is both a designer’s guide and data book may be ordered via the Internet
at: http://www.ti.com/sc/docs/cdrom/ordercd.htm You may also order by calling Texas Instruments toll-free
at: 1-800—477-8924 ext. 5047

To provide full technical support, Texas Instruments has a large fully-staffed product information center
available to help you. Simply call our U.S. headquarters at (972) 644-5580. Texas Instruments Sales Offices,
listed on the last page of this book, also provide sales and technical support.
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TL5501 ..o 2-13 TLC8044
TLS632 ..o 3-11 TLC8144
TL7726 ... .. 5-3 TLC8188
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TLC542 ... 2-29 TLC32047
TLC545 ... 2-39 TLC320AC01
TLC546 ... ... 2-39 TLC320AC02
TLC548 .......... ... 2251 TLC320AD50
TLC549 ......... .. 2-51 TLC320AD52
TLCO820A ....... ..ot 2—-61 TLC320AD55
TLCO831 ... 2-71 TLC320AD56
TLCO832 ...t 2-71 TLC320AD57
TLCO834 ........ ... 2—-83 TLC320AD58
TLCO838 ......ooiiiiiiii 2-83 TLC320AD75
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TLC1551 . 2-167 TLV1548
TLC2543 ......... . 2-175 TLVi548M
TLC2932 ... ... ... 5-19 - TLV1549
TLC2933 ... . 5-41 TLV1570
TLC5510 ... 2-197 TLV1572
TLC5540 ... 2-209 TLV2543
TLC5602 ..., 3-19 TLV5510
TLC5604 .................c.o.on 3-27 TLV5613
TLC5614 ......................... 3-29 TLV5619
TLC5615 . ... .. 3-31 TLV5620
TLC5616 ......ovviiiii 3-47 TLV5621
TLC5617 ... 3-55 TLV5628
TLCS5618 ..... P 3-75 TMS57014A
TLC5618M ....................... 3-95 TVP3026
TLC5620 ......... ..l 3-97 TVP3030
TLC5628 ... 3-107 TVP3033
TLC5733 .o 2-225 TVP3409
TLC7135 .. 2-3 TVP3703
TLC7225 ... ... 3-117

Devices in bold type are in the PRODUCT PREVIEW stage of development.
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ANALOG-TO-DIGITAL
CONVERTERS

|

fs > 1 MSPS
tconv<1us

100 kSPS < fg < 1 MSPS
1us<teony <10us

[ ]

fs < 100 KSPS
tconv < 10us

) Coom )

TLC7135

[

el
)

[ +5V

TLCO0820A

| l
(e ) (o)

10-BIT

| ——
(+5v ][ +3v ] [ +sv ][ +3v ]

{ +sv ]

TL5501% TLvss510f  TLCs510%  TLVis70T#
TLC5510AF TLV1572%
TLC5540%
TLC5733A%

T This part is in the Product Preview stage of development.
¥ This part is TMS320 compatible.

TLCB76%
TLV1572%

§ For this part see Section 4, Analog Interface Circuits, for more information.

10-BIT ]
T 12-BIT 8-BIT
[ +5V ]
TLC1550%
TLC1551% [ +3v ] | +5v | [[+av ] [ 4sv )
TLV2543% TLC2543 TLV0831  TLCO0831 TLC542
TLVO832  TLC0832 TLC545
TLV0834  TLCO834 - TLC546
Digital TLV0838  TLC0838 TLC548
Audio TLC540  TLC549
TLC541
10-BIT
[1eer ] [ 2087 | ]
| |
ERNEDTR +3V +5V
TLC320AD57  TLC320AD758
Tngzvogs o TLV1543 TLC1541
TLV1544% TLC1542
TLV1548% TLC1543
TLV1549 TLC1549
TLV1544%
TLV1548%
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Serial I/0 Analog-to-Digital Converters (ADC)

Power

Sampling Rate

Number of

Internal

o | o | B |y | A R | B o | i |
TLC2543 12 5 12 10 66 1 X X +1.0 2-175
TLV2543 12 3.3 8 10 66 1 X X +1.0 2-409
TLC1541 10 5 12 21 32 11 +1.0 2-123
TLC1542 10 5 12 21 38 1 X +0.5 2-133
TLC1543 10 5 12 21 38 11 X +1.0 2-133
TLC1549 10 5 12 21 38 1 X +1.0 2-153
TLV1543 10 33 8 21 38 1 X +1.0 2-317
TLV1544 10 27-~55 4 10 85 4 X X +1.0 2-335
TLV1548 10 27-~-55 4 10 85 8 X X +1.0 2-335
TLV1548M 10 27-55 4 10 85 8 X X +1.0 2-367
TLV1549 10 3.3 8 21 38 1 X +1.0 2-373
TLC0831 8 5 125 13.3 31 1 +1.0 2-71
TLCO0832 8 5 26 13.3 22 2 +1.0 2-71
TLC0834 8 5 125 13.3 20 4 +1.0 2-83
TLC0838 8 5 125 13.3 20 8 +1.0 2-83
TLC540 8 5 12 9 75 1 +0.5 2-19
TLC541 8 5 12 17 40 1 +0.5 2-19
TLC542 8 5 10 20 25 1 X +0.5 2-29
TLC545 8 5 12 9 76 19 +0.5 2-39
TLC546 8 5 12 17 40 19 +0.5 2-39
TLC548 8 5 12 17 455 1 X +0.5 2-51
TLC549 8 5 12 17 40 1 X +0.5 2-51
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Serial I/0 Analog-to-Digital Converters (ADC) (continued)

Sampling
. Power . Number of Internal . .
. Resolution Conversion Rate Linearity Error
Device A Vee (V) | (mw) A Analog System Standby Page No.
(bits) max Time (us) (k".‘.“»:xs ) Inputs Clock (LsB)
TLV0831 8 33 4.1 13.3 49 1 +1.0 2-291
TLV0832 8 3.3 155 13.3 44.7 2 +1.0 2-291
TLV0834 8 3.3 4.1 133 41 4 +1.0 2-303
TLV0838 8 3.3 4.1 13.3 37.9 8 +1.0 2-303
General Purpose Parallel Output Analog-to-Digital Converters (ADC)
. Power Number of . . E Internal
. Resolution Conversion | Sampling Rate Linearity Error X
Vee V) W) : . Anal Standb System Page No.
Device (bits) cct) | (mW) | Sime (us) | (kSPS) max oo (LSB) ndoy | Systen age No
TLC1550 10 5 40 6 164 1 +0.5 X 2-167
TLC1551 10 5 40 6 164 1 +1.0 X 2-167
TLCO0820A 8 5 75 25 392 1 +1.0 X 2-61
Stereo Audio Analog-to-Digital Converters (ADC)
. - . Number of
. Resolution Power Sampling Rate
Device (bits) Vee (V) (mW) max (KSPS) max II\:::S? Output Type | Page No.
TLC320AD57 16/18 5 220 48 2 Serial 2-247
TLC320AD58 16/18 5 220 48 2 Serial 2-267
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Multiplexed BCD-Output, Dual Slope Analog-to-Digital Converters (ADC)

Power . . Number Linearity
Device Peois | @ | W | Tretme) | *Sroymax | ofAnslog | SRt | Eror” | Page No.
TLC7135 4.5 +5 30 33.3 30 1 BCD 0.5 2-3
Video and High-Speed Analog-to-Digital Converters (ADC)
. Conversion Power Number of Differential
Device RE?&l;.;t)lon 12:5 Vee (V) (::’v() S(an;nsp‘;ig)gn?aa:e Il\:::, ?g 015;’!::‘ Err(olr S(g)NL) (stBF; Page No.
TL5501 10 50 5 131 20 1 Parallel +0.5 2-13
TLC876 10 50 5 150 20 1 Parallel +0.5 55 2-97
TLC876MT 10 50 5 150 20 1 Parallel +0.5 55 2-119
TLV1570T 10 27~55 9 8 Serial +0.5 2-387
TLV1572 10 800 27~55 8 1.25 1 Serial +0.5 2-397
TLC5510 8 50 5 135 20 1 Parallel +0.5 46 2-197
TLC5510A 8 50 5 150 20 1 Parallel +0.5 46 2-197
TLC5733A 8 50 5 300 20 1 Parallel +0.5 - 2-225
TLC5540 8 25 5 150 40 1 Parallel +0.75 45 2-209
TLV5510T 8 3.3 50 20 1 Serial +0.5 2-429

1 This part is in the Product Preview stage of development.
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CONVERTERS

[ DIGITAL-TO-ANALOG ]

| I

Settling Time <100 n's 100 ns < Settling Time . 5 vs
fs > 10 MHz 10 MHz > fg > 200 kHz

1

Settling Time > 5 vs
fs < 200 kHz

l

()

(owr )

12-BIT

8-BIT ]

|
[ «sv |

TLC5602% TLC7524% [ +3V ] [ +5V ]
TL56324 T"c;s”* TLvse13t  AD7524M TLCs604
TLC7628% qyyse20 TLC5620 TLCS6154
TLV5621 TLC5628 TLC5617%

TLV5628 TLC7225%

TLC7226%

1 This part is in the Product Preview stage of development.
¥ This part is TMS320 compatible.
§ For this part see Section 4, Analog Interface Circuits, for more information.

Digital
Audio

(v ) [ ) L*&lB"J [mIB"J

TLVS6191 TLC56141
TLCS616T
TLC5618%
TLC5619%

[ +sv ]

[ +sv |

TMS57014A

TLC320AD758
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Video and High-Speed Digital-to-Analog Converters (DAC)

. Power Settling | Linearity | Conversion
Resolution | Voe Bus Output | Number
Device (bits) ) (::)v() interface | (1or V) | of DACs | Ref T::,e (‘i's"é’) Ra';(ilr?“z) Page No.
TL5632 8 5 450 Parallel Vv 3 Int 10 +0.5 60 3-1
TLC5602 8 5 125 Parallel \' 1 Ext 30 +0.2 20 3-19
General Purpose Serial-Input Digital-to-Analog Converters (DAC)
. Power . Linearity | Conversion
. Resolution Bus Output | Number Settling -
Device (bits) Vee (V) | ( gawx) interface | (1 or V) | of DACs Ref. Time (us) (irsrg; Rarﬁ‘ S:Hz) Multiplying | Page No.
TLC5618 12 5 35 Serial v 2 Ext 25 +0.5 121 X 3-75
TLC5618MT 12 5 35 Serial v 2 Ext 25 +0.5 121 X 3-95
TLC5614T 12 3t05 | 7.25 Serial v 4 Ext — — 3-29
TLC5615 10 5 1.75 Serial v 1 Ext 125 121 X 3-31
TLC5616T 10 5 3 Serial v 1 Ext | 25-125 — 3-47
TLC5617 10 5 3.5 Serial \ 2 Ext 25 + 121 X 3-55
TLC5604T 10 3to5 7.25 Serial v 4 Ext — — 3-27
TLC5620 8 5 10 Serial \ 4 Ext 10 +1.0 10 3-97
TLC5628 8 5 20 Serial A 8 Ext 10 +1.0 10 3-107
TLV5620 8 27t055 | 6.6 Serial Vv 4 Ext 10 +1.0 10 3-203
TLV5621 8 27t055]| 45 Serial \ 4 Ext 10 +1.0 10 3-215
TLV5628 8 27t055 | 13.2 Serial ') 8 Ext 10 +1.0 10 3-231

1 This part is in the Product Preview stage of development.
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General Purpose Parallel-Input Digital-to-Analog Converters (DAC)

Power Settling | Linearity .
" Resolution Bus Output | Number "
Device : Vee (V) | (mW) Ref. Time Error | Multiplying | Page No.
(bits) max Interface | (1or V) | of DACs (us) (LSB)
TLV5619T 12 3to5 7.25 Parallel Vv 1 Ext 0.8 +0.5 3-195
TLC7225 8 5t0 15 60 Parallel Vv 4 Ext 5 +1.0 3-117
TLC7226 8 15 240 Parallel Vv 4 Ext 5 *1.0 3-137
TLC7524 8 5t0 15 5 Paralle! | 1 Ext, M 0.1 +0.5 X 3-153
TLC7528 8 5to0 15 10 Parallel | 2 Ext, M 0.1 +0.5 X 3-163
TLC7628 8 111015 20 Parallel | 2 Ext, M 0.1 +0.5 X 3-177
AD7524M 8 5t0 15 5 Parallel [ 1 Ext, M 0.1 +0.5 X 3-3
TLV5613T 8 3to5 7.25 Parallel \ 1 Ext 0.8 +0.5 3-187
1 This part is in the Product Preview stage of development.
Stereo Audio Digital-to-Analog Converters (DAC)
Device Resolution Vee V) F(’:l“\lli)r Bus Output Number of %oar::?rksl-:(z’;" Page No.
(bits) cc max Interface P DACs ax ge No.
TMS57014A 16/18 5 350 Serial PWM 2 48 3-243

3ainO NOILO3A13S
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CIRCUITS
{

[ ANALOG INTERFACE J

(

5-V OR 5-V ANALOG/
3-V DIGITAL

[ SINGLE 5-V SUPPLY ]

|
[14-IBIT] ( 16-|BIT ] [13'1EM ( 2°'|B'T )

1

[ +5-V SUPPLY j
14-BIT

TLC320AD50 TLC32040
TLC320AD52 TLC320AC01  TLC320AD55 TLC320AD80  TLC320AD75 TLC32041
TLC320AD56 TLC320AC02 - TLC32044
TLC32045
TLC32046
TLC32047
Analog Interface Circuits (AICs)
. Resolution | Sampling | Bandwidth Supply Pq (mW) | SNR (dB) Conversion -

Device (bits) Rate (kHz) (kHz) Volt(avg)e(s) typ typ Method Description Page No.
TLC320AD75 20 441 0.002 - 20 +5 400 104 Sigma-delta Stereo ADA circuit (audio) 4-495
TLC320AD80 18 48 +5 Sigma-delta Audio processor subsystem 4-535
TLC320AD56 16 22.05 8.8 +5/+3 100 70 Sigma-delta Sigma-delta AIC 4-455
TLC320AD50 16 22.05 8.8 +5/+3 175 70 Sigma-delta Sigma-delta AIC with mstr/slv function 4-361
TLC320AD52 16 22.05 8.8 +5/+3 175 70 Sigma-delta Sigma-delta AIC with mstr/slv function 4-361
TLC320AD55 16 10.3 4 +5 150 70 Sigma-delta Sigma-delta AIC 4-417
TLC320AC02 14 25 10.8 +5 100 70 Successive approx. | Single-supply AIC 4-273
TLC320ACO01 14 25 10.8 +5 100 72 Successive approx. | Single-supply AIC 4-187
TLC32047 14 25 03-114 +5 375 70 Successive approx. | Wide-band AIC with (sin x)/x correction 4-129
TLC32046 14 25 03-7.2 +5 375 85 Successive approx. | AlC with (sin x)/x correction 4-73
TLC32045 14 19.2 0.1-3.8 +5 375 80 Successive approx. | Voice-band AIC (relaxed TLC32044) 4-35
TLC32044 14 19.2 0.1-3.8 +5 375 80 Successive approx. | Voice-band AIC 4-35
TLC32041 14 19.2 0.3-3.6 +5 375 89 Successive approx. | AlC w/o internal reference 4-3
TLC32040 14 19.2 0.3-3.6 +5 375 89 Successive approx. | AIC 4-3

S1INJHIJ 30V4H3LNI DOTVNY
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[ Special Functions }

' [ PLL ] [CIamping] [ FillerJ [Ampliﬁer] v

TLC2932 TLC7726 TLCO4 TL32088
TLC2933 TLC14
MF4A-50
MF4A-100
Special Functions
Device Function Vee (V) : Description Page No.
TLC2932 PLL 3.3t05 |50-MHz high-accuracy phase-locked loop 5-19
TLC2933 PLL 33t05 | 100-MHz high-accuracy phase-locked loop - 5-41
TLC7726 Clamping 4.510 5.5 | Provides active clamping at 0.2 V above Vg and 0.2 V below ground 5-3
TLC04/MF4A-50 Filter 3.75 Butterworth fourth-order low-pass switched-capacitor filter 5-7
TLC14/MF4A-100 Filter 3.75 Butterworth fourth-order low-pass switched-capacitor filter 5-7
TL32088 Amplifier 5 Differential analog buffer amplifier 5-61

SNOILLONNS 1VIO3dS
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VIDEO INTERFACE
PALETTES

]

[ 1
[ PIXEL BUS WIDTH ] [ PIXEL BUS WIDTH J [ PIXEL BUS WIDTq [ PIXEL BUS WIDTH ]

16 BITS 32 BITS 64 BITS 128 BITS

TVP3409 TVP3033 TVP3026 TVP3030

TVP3703

Video Interface Palettes (RAMDACS)
Pixel Max.
Device | o, | Symier | Hartware | o | Packat | Mk eslution na | Resoltion
(bits) 24 bits/Pixel

TVP3026-135 64 Triple Yes Yes Yes 1280 x 1024 @ 75 Hz | 1280 x 1024 | Packed-pixel modes VIP 6-3
TVP3026-175 64 Triple Yes Yes Yes 1600 x 1200 @ 60 Hz | 1280 x 1024 | Packed-pixel modes VIP 6-3
TVP3026-220 64 Triple Yes Yes Yes 1600 x 1200 @ 75 Hz | 1280 x 1024 | Packed-pixel modes VIP 6-3
TVP3026-250 64 Triple Yes Yes Yes 1600 x 1200 @ 75 Hz | 1280 x 1024 | Packed-pixel modes VIP 6-3
TVP3030-175 128 Triple Yes Yes Yes 1600 x 1200 @ 60 Hz | 1600 x 1200 | 1600 x 1200, 24-bit true color VIP 6-7
TVP3030-220 128 Triple Yes Yes Yes 1600 x 1200 @ 75 Hz | 1600 x 1200 | 1600 x 1200, 24-bit true color VIP 6-7
TVP3030-250 128 Triple Yes Yes Yes 1600 x 1200 @ 85 Hz | 1600 x 1200 | 1600 x 1200, 24-bit true color VIP 6-7
TVP3033-175 32 Dual Yes Yes Yes 1600 x 1200 @ 86 Hz | 1600 x 1280 | 1600 x 1280, 24-bit true color VIP 6-11
TVP3033-220 32 Dual Yes Yes Yes 1600 x 1200 @ 86 Hz | 1600 x 1280 | 1600 x 1280, 24-bit true color VIP 6-11
TVP3033-250 32 Dual Yes Yes Yes 1600 x 1200 @ 86 Hz | 1600 x 1280 | 1600 x 1280, 24-bit true color VIP 6—11
TVP3409-135 16 Dual No No Yes 1280 x 1024 @ 75 Hz | 1024 x 768 | Advanced VIP 6-13
TVP3409-170 16 Dual No No Yes 1600 x 1200 @ 60 Hz | 1024 x 768 | Advanced VIP 6-13
TVP3703-135 16 Dual No No Yes 1280 x 1024 @ 75 Hz | 1024 x 768 | Advanced VIP 6-15
TVP3703-170 16 Dual No No Yes 1600 x 1200 @ 60 Hz | 1024 x 768 | Advanced VIP 6-15

S3.1137Vd 3OV4HILNI O3dIA
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CCD INTERFACES ]

[

TLC8144 TLC8044
TLC8144
Digital Imaging Sensor Products
Sampling
Power . Number of .
. Resolution ’ Conversion Rate Powerdown | Linearity Error
Device (bits) Vee (V) (f‘“W) Time (us) (kSPS) Analog Mode (LSB) Page No.
yp max Inputs

TLC8044 12 5 400 0.16 6000 6 X 7-3
TLC8144 12 5 400 0.16 6000 3 X 7-33
TLC8144 10 5 400 0.16 6000 3 X + 7-61
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CROSS REFERENCE GUIDE

Part No g:gﬁ.?;:i:tl Vendor Replacement Type Page No
AD573 TLC1549 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-153
AD573 TLC1550 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-167
AD775 TLC5540 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-209
AD875 TLC5510 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-197
AD876 TLC876 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-97
AD1878 TLC320AD57 | Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-247
AD1878 TLC320AD58 | Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-267
AD1887 TLC320AD58 | Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-267
AD7524 TLC7524 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-153
AD7524 TLC7528 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 3-163
AD7528 TLC7524 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 3-153
AD7528 TLC7528 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163
AD7579 TLC1549 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-153
AD7579 TLV1549 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-373
AD7628 TLC7628 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
AD7810 TLV1572 Analog Devices SAME FUNCTIONALITY (see Note 3) 2-397
AD7812 TLV1570 Analog Devices SAME FUNCTIONALITY (see Note 3) 2-387
AD7820 TLCO0820A Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
AD7890 TLC2543 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-175
AD7890 TLV2543 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-409
AD9048 TLC5510 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 2-197
AD9048 TLC5540 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-209
ADC0811 TLC540 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-19
ADCO0811 TLC541 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-19
ADC0820 TLCO0820A Phillips SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
ADC0820 TLC0820A Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
ADC0820 TLC0820A National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
ADCO0830 TLC546 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-39
ADCO0831 TLC0831 National Semiconductor | EXACT EQUIVALENT (see Note 1) 2-71
ADC0831 TLC549 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-51
ADC0832 TLCO0832 National Semiconductor | EXACT EQUIVALENT (see Note 1) 2-71
ADC0834 TLC0834 National Semiconductor | EXACT EQUIVALENT (see Note 1) 2-83
ADCO0838 TLC0838 National Semiconductor | EXACT EQUIVALENT (see Note 1) 2-83
ADC1001 TLC1541 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-123
ADC1001 TLC1550 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-167
ADC1005 TLC1541 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-123
ADC1021 TLC1541 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-123
ADC1031 TLC1549 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-153
ADC1038 TLC1542 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-133
NOTES: 1. The device an EXACT EQUIVALENT in functionality and parametrics to the competitors device

2. The device has the SAME FUNCTIONALITY AND PINOUT as the competitors device but is NOT an exact equivalent

3. The device has the SAME FUNCTIONALITY as the competitors device, but is not pin-for-pin and/or parametrically equivalent

4. The device has SIMILAR FUNCTIONALITY but is not functionally equivalent to the competitors device
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CROSS REFERENCE GUIDE

Part No g:g?:;‘;i:‘l Vendor Replacement Type Page No
ADC1038 TLC1543 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-133"
ADC1241 TLC2543 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
ADC1241 TLV2543 National Semiconductor | SAME. FUNCTIONALITY AND PINOUT (see Note 2) 2-409
ADC12030 | TLC2543 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-175
ADC12032 | TLC2543 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-175
ADC12034 | TLC2543 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-175
ADC12038 | TLC2543 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 2-175
ADC12H038 | TLC2543 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
ADC12H038 | TLV2543 National Semiconductor | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-409
ADS574 TLC2543 Burr Brown SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
ADS7804 TLC2543 Burr Brown SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
ATT20C409 | TVP3409-135 | AT&T SAME FUNCTIONALITY AND PINOUT (see Note 2) 6-13
ATT20C409 | TVP3409-170 | AT&T SAME FUNCTIONALITY AND PINOUT (see Note 2) 6-13
C84328 TMS57014A Crystal SIMILAR FUNCTIONALITY (see Note 4) 3-243
CS5336 TLC320AD57 | Crystal SIMILAR FUNCTIONALITY (see Note 4) 2-247
CS5389 TLC320AD58 | Crystal SIMILAR FUNCTIONALITY (see Note 4) 2-267
CS7820 TLCO820A Crystal SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
CXA1096 TLC5510 Sony SIMILAR FUNCTIONALITY (see Note 4) 2-197
CXA1175 TLC5510 Sony SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-197
CXA1176 TLC5510 Sony SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-197
CXA1179 TLC5540 Sony SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-209
CXD1175 TLC1550 Sony SIMILAR FUNCTIONALITY (see Note 4) 2-167
CXD1175 TLC5510 Sony EXACT EQUIVALENT (see Note 1) 2-197
CXD1179 TLC5540 Sony SIMILAR FUNCTIONALITY (see Note 4) 2-209
DAC-8800 | TLC5628 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 3-107
DACO08 TLC7524 Motorola SIMILAR FUNCTIONALITY (see Note 4) 3-153
DACO08 TLC7524 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-153
DAC0800 TLC7524 Phillips SIMILAR FUNCTIONALITY (see Note 4) 3-153
DAC0800 TLC7524 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-153
DAC0801 TLC7524 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-153
DAC0802 TLC7524 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-153
DAC0808 TLC7524 SGS-Thomson SIMILAR FUNCTIONALITY (see Note 4) . , 3-153
DAC0854 TLC5620 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-97
DAC0854 TLV5620 National Semiconductor | SIMILAR FUNCTIONALITY (see Note 4) 3-203
DAC7249 TLC5618 Analog Devices SAME FUNCTIONALITY (see Note 3) 3-75
DAC7528 TLC7528 Burr Brown SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163
DAC8229 | TLC7628 - Analog Devices SAME FUNCTIONALITY (see Note 3) 3-177
LTC1091 TLC1543 Linear Technology SAME FUNCTIONALITY AND PINQUT (see Note 2) 2-133
LTC1091 TLC1549 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-153
NOTES: 1. The device an EXACT EQUIVALENT in functionality and parametrics to the competitors device

2. The device has the SAME FUNCTIONALITY AND PINOUT as the competitors device but is NOT an exact equivalent

3. The device has the SAME FUNCTIONALITY as the competitors device, but is not pin-for-pin and/or parametrically equivalent

4. The device has SIMILAR FUNCTIONALITY but is not functionally equivalent to the competitors device
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CROSS REFERENCE GUIDE

Part No glelglga?;reri:tl Vendor Replacement Type Page No
LTC1092 TLC1542 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1092 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1092 TLC1549 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-153
LTC1093 TLC1542 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1093 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1094 TLC1542 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1094 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1197 TLV1572 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-397
LTC1199L TLV1572 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-397
LTC1283 TLC1549 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-153
LTC1290 TLC2543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-175
LTC1291 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1283 TLV1543 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-317
LTC1283 TLV1549 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-373
LTC1289 TLC2543 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
LTC1289 TLV2543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-409
LTC1292 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1293 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1293 TLV1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-317
LTC1294 TLC1543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
LTC1294 TLC2543 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-175
LTC1296 TLC2543 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-175
LTC1296 TLV2543 Linear Technology SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-409
LTC1400 TLC5618 Linear Technology SAME FUNCTIONALITY (see Note 3) 3-75
LTC1446 | TLC5618 Linear Technology SAME FUNCTIONALITY (see Note 3) 3-75
MAX148 TLV1570 Maxim SAME FUNCTIONALITY (see Note 3) 2-387
MAX149 TLV1570 Maxim SAME FUNCTIONALITY (see Note 3) 2-387
MAX186 TLC2543 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-173
MAX188 TLC2543 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-173
MAX192 TLC1543 Maxim SAME FUNCTIONALITY (see Note 3) 2-133
MAX192 TLC1549 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-153
MAX192 TLV1543 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-317
MAX192 TLV1544 Maxim SAME FUNCTIONALITY (see Note 3) 2-335
MAX192 TLV1548 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-335
‘MAX192 TLV1549 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-373
MAX500 TLC5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-97
MAX500 TLV5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-203
MAX509 TLC5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-97
‘MAX509 TLC5628 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-107
NOTES: 1. The device an EXACT EQUIVALENT in functionality and parametrics to the competitors device

1
2. The device has the SAME FUNCTIONALITY AND PINOUT as the competitors device but is NOT an exact equivalent

3. The device has the SAME FUNCTIONALITY as the competitors device, but is not pin-for-pin and/or parametrically equivalent
4. The device has SIMILAR FUNCTIONALITY but is not functionally equivalent to the competitors device
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Part No gzglga‘::s;;de:tl Vendor Replacement Type Page No
MAX509 TLV5620 Maxim SIMILAR FUNCTIONALITY. (see Note 4) 3-203
MAX510 TLC5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-97
MAX510 TLV5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-203
MAX528 TLC5628 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-107
MAX529 TLC5628 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-107
MAX1160 TLC876 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-97
MAX1204 TLV1570 Maxim SIMILAR FUNCTIONALITY (see Note 4) 2-387
MAX5351 TLC5616 .| Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-47
MAX5352 TLC5616 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-47
MAX5628 TLC5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-97
MAX5628 TLC5628 Maxim ‘SIMILAR FUNCTIONALITY (see Note 4) 3-107
MAX5628 TLV5620 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-203
MAX7524 TLC7524 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-153
MAX7528 TLC7528 Maxim | SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163
MAX7628 TLC7628 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
MAX7820 TLC0820A Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
MB4056 TLC548 Fujitsu SIMILAR FUNCTIONALITY (see Note 4) 2-51
MB4056 TLC549 Fujitsu SIMILAR FUNCTIONALITY (see Note 4) 2-51 -
MB4066 TLC540 Fujitsu SIMILAR FUNCTIONALITY (see Note 4) 2-19°
MB4066 TLC541 Fujitsu SIMILAR FUNCTIONALITY (see Note 4) 2-19
MB40778 TLC5602 Fujitsu EXACT EQUIVALENT (see Note 1) 3-19
MC10319 TLC5540 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-209
MC10321 TLC5540 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-209
MC10322 TLC5540 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-209
MC14050 TLC1541 Motorola EXACT EQUIVALENT (see Note 1) 2-123
MC14051 TLC1541 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-123
MC14051 TLC1542 Linear Technology SIMILAR FUNCTIONALITY (see Note 4) 2-133
MC14051 | TLC1542 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-133
MC14051 TLC1543 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-133
MC14051 TLC1549 Motorola SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-153
MC14444P | TLC546 ‘Motorola SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-39
MC145040 - | TLC541 Motorola | SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-19
MC145041 | TLC542 Motorola SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-29
MC145051 | TLC1543 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-133
MC145051 | TLV1543 Motorola SIMILAR FUNCTIONALITY (see Note 4) 2-317
MC1508 TLC7524 Motorola SIMILAR FUNCTIONALITY (see Note 4) 3-153
MP0820 TLC0820A MPR SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-61
MP7524 TLC7524 MPR SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-153
MP7528 TLC7528 MPR SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163 |
NOTES: 1. The device an EXACT EQUIVALENT in functionality and parametrics to the competitors device ; )

2. The device has the SAME FUNCTIONALITY AND PINOUT as the competitors device but is NOT an exact equivalent

3. The device has the SAME FUNCTIONALITY as the competitors device, but is not pin-for-pin and/or parametrically equivalent

4. The device has SIMILAR FUNCTIONALITY but is not functionally equivalent to the competitors device
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CROSS REFERENCE GUIDE

Part No gzglga?;r?\::tl Vendor Replacement Type Page No
MP7628 TLC7628 MPR SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
MX7524 TLC7524 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-153
MX7528 TLC7528 Maxim SIMILAR FUNCTIONALITY (see Note 4) 3-163
MX7628 TLC7628 Maxim SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
NE5036 TLC549 Phillips SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-51
NE5037 TLC549 Phillips SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-51
PCM67 TMS57014 Burr Brown SIMILAR FUNCTIONALITY (see Note 4) 3-243
PCM69 TMS57014 Burr Brown SIMILAR FUNCTIONALITY (see Note 4) 3-243
PCM1700 TMS57014A Burr Brown SIMILAR FUNCTIONALITY (see Note 4) 3-243
PM7524 TLC7524 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-153
PM7524 TLC7528 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 3-163
PM7528 TLC7524 Analog Devices SIMILAR FUNCTIONALITY (see Note 4) 3-153
PM7528 TLC7528 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163
PM7628 TLC7628 MPR SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
PM7628 TLC7628 Analog Devices SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-177
SGT1703 TVP3703-135 | SGS-Thomson SAME FUNCTIONALITY AND PINOUT (see Note 2 6-15
SGT1703 TVP3703-170 | SGS-Thomson SAME FUNCTIONALITY AND PINOUT (see Note 2 6-15
ST7546 TLC320AD55 | SGS-Thomson SIMILAR FUNCTIONALITY (see Note 4) 4-417
ST7546 TLC320AD56 | SGS-Thomson SIMILAR FUNCTIONALITY (see Note 4) 4-455
TDA8703 TLC5540 Phillips SAME FUNCTIONALITY AND PINOUT (see Note 2) 2-209
TSC8701 TLC1541 Teledyne (Telcom) SIMILAR FUNCTIONALITY (see Note 4) 2-123
TSC8701 TLC1550 Teledyne (Telcom) SIMILAR FUNCTIONALITY (see Note 4) 2-167
TSC8704 TLC1541 Teledyne (Telcom) SIMILAR FUNCTIONALITY (see Note 4) 2-123
UPD7528 TLC7528 NEC SAME FUNCTIONALITY AND PINOUT (see Note 2) 3-163
NOTES: 1. The device an EXACT EQUIVALENT in functionality and parametrics to the competitors device

2. The device has the SAME FUNCTIONALITY AND PINOUT as the competitors device but is NOT an exact equivalent

3. The device has the SAME FUNCTIONALITY as the competitors device, but is not pin-for-pin and/or parametrically equivalent

4. The device has SIMILAR FUNCTIONALITY but is not functionally equivalent to the competitors device
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GLOSSARY

TERMS, DEFINITIONS AND LETTER SYMBOLS

INTRODUCTION

These terms, definitions, and letter symbols are in accordance with those currently approved by the JEDEC
Council of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical
Commission (IEC) for international use.

TERMS, DEFINITIONS, AND LETTER SYMBOLS FOR
ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS

1. GENERAL TERMS
Analog-to-Digital Converter (ADC)

A converter that uniquely represents all analog input values within a specified total input range by a limited
number of digital output codes, each of which exclusively represents a fractional part of the total analog input

range (see Figure 1).

NOTE: This quantization procedure introduces inherent errors of one-half LSB (least significant bit) in the
representation since, within this fractional range, only one analog value can be represented free of

error by a single digital output code.

CONVERSION CODE
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35445 | 0..100
T AN
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| R (U N
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| l 1 » Analog Input

000 !
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J ~ 7 Value

_‘ Midstep Value

Quantization
Error

of0...011

+1/2
LSB
| | | | |
| | | | | Analog Input
o\ |1 l 2°\| | | 4\ | 5 Value
| | | |
-1/2

LSB

Inherent Quantization Error (+ 1/2 LSB)

Figure 1. Elements of Transfer Diagram for an Ideal Linear ADC
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Analog-to-Digital Processor

An integrated circuit providing the analog part of an ADC; provision of external timing, counting, and arithmetic
operations is necessary for implementing a full analog-to-digital converter.

Companding DAC
A DAC whose transfer function complies with a compression or expansion law.

NOTE 1: The corresponding ADC normally consists of such a companding DAC and additional external
" circuitry.

NOTE 2: The compression or expansion law is usually a logarithmic function, e.g., A-law or p-law.
Conversion Code (of an ADC or a DAC)

The set of correlations between each of the fractional parts of the total analog input range or each of the digital
input codes, respectively, and the corresponding digital output codes or analog output values, respectively (see
Figures 1 and 2).

NOTE: Examples of output code formats are straight binary, 2's complement, and binary-coded decimal.

| | g

Analog Output
Value
A
Ideal Straight Line
5 —_—
4 3
4——— Step Height (1 LSB)
3 —
|
|
2 |
I
| |¢——— Step Value
|
1 —
|
l
0 T ] T J, : I T » Digital Input Code
0..000 0..001 0..010 0..011 0..100 O..101
CONVERSION CODE e

. r— A
Digital Input Code 0...000 0..001 0..010 | 0..011 | 0..100 0..101

Analog Output Value 0 1 2 !_ 3 Jl 4 5

Figure 2. Elements of Transfer Diagram for an Ideal Linear DAC
Digital-to-Analog Converter (DAC)

A converter that represents a limited number of different digital input codes by a corresponding number of
discrete analog output values (see Figure 2)

NOTE: Examples of input code formats are straight binary, 2's complement, and binary-coded decimal.
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Full Scale (of a unipolar ADC or DAC)

A term used to refer a characteristic to that step within the transfer diagram whose nominal midstep value or
nominal step value has the highest absolute value [see Figure 3(a) for a linear unipolar ADC].

NOTE 1: The subscript for the letter symbol of a characteristic at full scale is FS.
NOTE 2: In place of a letter symbol, the abbreviation FS is in common use.
Full Scale, Negative (of a bipolar ADC or DAC) [see Figures 3(b) and 3(c)]

A term used to refer a characteristic to the negative end of the transfer diagram, that is, to the step whose nominal
midstep value or nominal step value has the most-negative value. ‘

NOTE 1: The subscript for the letter symbol of a characteristic at negative full scale is FS— (Vgs-, Irs-).
NOTE 2: In place of a letter symbol, the abbreviation FS—is in common use.
Full Scale, Positive (of a bipolar ADC or DAC) [see Figure 3(b) and 3(c)]

A term used to refer a characteristic to the positive end of the transfer diagram, that is, to the step whose nominal
midstep value or nominal step value has the most-positive value.

NOTE 1: The subscript for the letter symbol of a characteristic at positive full scale is FS+ (VEs,, IFs,)
NOTE 2: In place of a letter symbol, the abbreviation FS+ is in common use.
Fuli-Scale Range, Nominal (of a linear ADC or DAC) (VESRnom: IFSRnom) (see Figure 3)

The total range in analog values that can be coded with uniform accuracy by the total number of steps with this
number rounded to the next higher power of 2.

NOTE: In place of the letter symbols, the abbreviation FSR(nom) can be used.

Example: Using a straight binary n-bit code format, it follows:
— for an ADC: FSR(nom) = 2N x.(nominal value of step width)
— for a DAC: FSR(nom) = 2" x (nominal value of step height)

Full-Scale Value, Nominal (VEsnhoms IFSnom)

A value derived from the nominal full-scale range:
- for a unipolar converter: VEgnom = VESRnom
— for a bipolar converter: Vegnom = 1/2 VESRnom (See Figure 3)

NOTE 1: In a few data sheets, this analog value is used as a reference value for adjustment procedures or
as a rounded value for the full-scale range(s).

NOTE 2: In place of letter symbols, the abbreviation FS(nom) is in common use.
Full-Scale Range, (Practical) (of a linear ADC or DAC) (VEsR; Irsr) (VFsRpr IFSRpr) (see Figure 3)
The total range of analog values that correspond to the ideal straight line.

NOTE 1: The qualifying adjective practical can usually be deleted from this term provided that, in a very few
critical cases, the term nominal full-scale range is not also shortened in the same way. This permits
use of the shorter letter symbols or abbreviations (see Note 2).

NOTE 2: In place of the letter symbols, the abbreviations FSR and FSR(pr) are in common use.

NOTE 3: The (practical) full-scale range has only a nominal value because it is defined by the end points of
the ideal straight line.

Example: Using a straight binary n-bit code format, it follows:
—for an ADC: FSR = (2" —1) x (nominal value of step width)
—for a DAC: FSR = (2" —1) x (nominal value of step height)
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Digital Output
Code
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Figure 3. Ideal Straight Line, Full-Scale Value and Zero-Scale Value
(Shown for Ideal Linear ADCs)
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Gain Point (of an adjustable ADC or DAC)

The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a DAC)
of the step for which gain error is specified (usually full scale), and in reference to which the gain adjustment
is performed (see Figures 4 and 5).

NOTE: Gain adjustment causes only a change of the slope of the transfer diagram, without changing the offset
error.

Ideal Straight Line (of a linear ADC or DAC)

In the transfer diagram, a straight line between the specified points for the most-positive (least-negative) and”
most-negative (least-positive) nominal midstep values or nominal step values, respectively (see Figures 1, 2,
and 3).

NOTE: The ideal straight line passes through all the points for nominal midstep values or nominal step values,
respectively.

Linear ADC

An ADC having steps ideally of equal width excluding the steps at the two ends of the total range of analog input
values. -

NOTE: Ideally, the width of each end steps is one half of the width of any other step (see Figure 1).
Linear DAC

A DAC having steps ideally of equal height (see Figure 2).
LSB, Abbreviation

The abbreviation for Least Significant Bit, that is, for the bit that has the lowest positional weight in a natural
binary numeral.

Example: In the natural binary numeral 1010, the rightmost bit 0 is the LSB.
LSB, Unit Symbol (for linear converters only)

The unit symbol for the magnitude of the analog resolution of a linear converter, which serves as a reference
unit to express the magnitude of other analog quantities of that same converter, especially of analog errors, as
multiples or submultiples of the magnitude of the analog resolution.

Example: 1/2 LSB means an analog quantity equal to 0.5 times the analog resolution.

NOTE: The unit symbol LSB refers to the fact that, for a natural binary code, the analog resolution corresponds
to the nominal positional weight attributed to the least significant bit of the binary numeral.

In this case, the identity:
1 LSB = analog resolution
leads, for an n-bit resolution, to:

FSR _ FSR(nom)

1 LSB = om -7 — 0
Midstep Value (of an ADC)
The analog value for the center of the step excluding the steps at the two ends of the total range of analog input

values.

NOTE: For the end steps, the midstep value is defined as the analog value that results when the analog value
for the transition to the adjacent step is reduced or enlarged, as appropriate, by half the nominal value
of the step width (see Figure 1).
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NOTE A: In the above examples, the offset point is referred to the step with the digital code 000, and the gain point is referred to the step with

the digital code 111.

Figure 4. Adjustment in Offset Point and Gain Point for an ADC
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NOTE A: In the above examples, the offset point is referred to the step with the digital code 000, and the gain point is referred to the step with
the digital code 111. '

Figure 5. Adjustment in Offset and Gain Point for a DAC

Midstep Value, Nominal (of an ADC)

A specified analog value within a step that is ideally represented free of error by the corresponding digital 6utput
code (see Figure 1).
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Figure 6. Missing Code for an ADC
Missing Code (of an ADC)

An intermediate code that is absent
in the digital output (see Figure 6).

Monotonicity (of an ADC or a DAC)

when the changing analog input to an ADC causes a multiple code change

A property of the transfer function that ensures the consistent increase or decrease of the analog output of a
DAC or the digital output of an ADC in response to a consistent increase or decrease of the digital or analog
input, respectively (Figure 7 illustrates nonmonotonic conversion).

NOTE: An intermediate incremen

t with the value of zero does not invalidate monotonicity.
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Figure 7. Nonmonotonic Conversion of an ADC or DAC

Multiplying DAC

A DAC having at least two inputs, at least one of which is digital, and whose analog output value is proportional
to the product of the inputs.

Nonlinear ADC or DAC

An ADC or a DAC with a specified nonlinear transfer function between the nominal midstep values or nominal
step values, respectively, and the corresponding step widths or step heights, respectively.

NOTE: The function may be continuously nonlinear or piece-wise linear.
Offset Point (of an adjustable ADC or DAC)

The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a DAC)
of the step about which the transfer diagram rotates when gain is adjusted (see Figures 4 and 5).

NOTE: Offset adjustment must be performed with respect to this point so that it causes only a parallel
displacement of the transfer diagram, without changing its slope.

Resolution (general term)

NOTE 1: Resolution as a capability can be expressed in different forms: (see resolution, analog, resolution,
numerical, and resolution, relative).

NOTE 2: Resolution is a design parameter and therefore has only a nominal value.

NOTE 3: The terms for these different forms may all be shortened to resolution if no ambiguity is likely to occur
(for example, when the dimension of the term is also given).

Resolution (of an ADC)
The degree to which nearly equal values of the analog input quantity can be discriminated.
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Resolution (of a DAC)
The degree to which nearly equal values of the analog output quantity can be produced.
Resolution, Analog (of a linear or nonlinear ADC or DAC)

For an ADC: The nominal value of the step width.
For a DAC: The nominal value of the step height.

NOTE: For a linear ADC or DAC, the constant magnitude of the analog resolution is often used as the
reference unit LSB.

Resolution, Numerical
The number (n) of digits in the chosen numbering system necessary to express the total number of steps.
NOTE 1: The numbering system is normally a binary or a decimal system.

NOTE 2: In the binary-coded-decimal numbering system, the term 1/2 digit refers to an additional decimal digit
with the highest positional value, but limited to the decimal figures 0 or 1 as it is represented by only
a single bit. This additional digit serves to double the range of values covered by the other n digits.

Resolution, Relative (of a Linear ADC or DAC)
The ratio of the analog resolution to the full-scale range (practical or nominal).

NOTE: This ratio is normally expressed as a percentage of the full-scale range [% of FSR, % of FSR(nom)].
For high resolutions (high value of n), it is of little importance whether this ratio refers to the practical
or nominal full-scale range.

Step (of an analog-to-digital or digital-to-analog conversion)
In the conversion code: Any of the individual correlations.
In the transfer diagram: Any part of the diagram equating to an individual correlation.

For an ADC, a step represents both a fractional range of analog input values and the corresponding digital output
code (see Figure 1).

For a DAC, a step represents both a digital input code and the corresponding discrete analog output value (see
Figure 2).

Step Height (Step Size) (of a DAC)

The absolute value of the difference in step value between two adjacent steps in the transfer diagram. (see
Figure 2).

NOTE: For companding DACs, the term step size is in general use.
Step Value (of a DAC)

The value of the analog output representing a digital input code (see Figure 2).
Step Value, Nominal (of a DAC)

A specified step value that represents free of error the corresponding digital input code (see Figure 2).
Step Width (of an ADC)

The absolute value of the difference between the two ends of the range of analog values corresponding to one
step (see Figure 1).
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Temperature Coefficients of Analog Characteristics (o)

NOTE 1: The letter symbol for the temperature coefficient of an analog characteristic consists of the letter
symbol o with a subscript referring to the relevant characteristic.

Example: Temperature coefficient of the gain error: agg

NOTE 2: Temperature coefficients are usually specified in parts per million (relative to the full-scale value) per
degrees Celsius, that is, in ppm/°C.

Zero Scale (of an ADC or a DAC with true zero) [see Figures 3(a) and 3(b)]
A term used to refer a characteristic to the step whose nominal midstep value or nominal step value equals zero.
NOTE 1: The subscript for the letter symbol of a characteristic at zero scale is ZS.
NOTE 2: In place of a letter symbol, the abbreviation ZS is in common use.

Zero Scale, Negative (of an ADC or a DAC with no true zero) [see Figure 3(c)]
A term used to refer a characteristic to the negative step closest to analog zero.
NOTE 1: The subscript for the letter symbol of a characteristic at negative zero scale is ZS— (Vzg, 175-).
NOTE 2: In place of a letter symbol, the abbreviation ZS—is in common use.

Zero Scale, Positive (of an ADC or a DAC with no true zero) [see Figure 3(c)]
A term used to refer a characteristic to the positive step closest to analog zero.
NOTE 1: The subscript for the letter symbol of a characteristic at positive zero scale is ZS+ (Vzs,, zs.)-
NOTE 2: In place of a letter symbol, the abbreviation ZS+ is in common use.

2. STATIC PERFORMANCE

Accuracy (see Errors, Part 4)
Asymmetry, Full-Scale (of a DAC with a bipolar analog range) (Algss, AVEgs)

The difference between the absolute values of the two full-scale analog values.
Compliance, Current (of a DAC) (Io(op))

The permissible range of output current within which the specifications ére valid.
Compliance, Voltage (of a DAC) (Vo(op)) k

The permissible range of output voltage within which the specifications are valid.
Error (see Part 4)
Supply Voltage Sensitivity, (of a DAC) (kgys)

The change in full scale output current (or voltage) caused by a change in supply voltage.

NOTE: This sensitivity is usually expressed as the ratio of the percent change of full-scale current (or voltage)
to the percent change of supply voltage.
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3. DYNAMIC PERFORMANCE

Conversion Rate (of an externally controlled ADC) (f¢)
The number of conversions per unit time.
NOTE 1: The maximum conversion rate should be specified for full resolution.
NOTE 2: The conversion rate is usually expressed as the number of conversions per second.

NOTE 3: Due to additionally needed settling or recovery times, the maximum specified conversion rate is
' smaller than the reciprocal of the worst-case conversion time. '

Conversion Time (of an ADC) (t¢)

The time elapsed between the command to perform a conversion and the appearance at the converter output
of the complete digital representation of the analog input value.

Delay Time, (Digital) (of a linear or a multiplying DAC) (tg, tqq)

The time interval between the instant when the digital input changes and the instant when the analog output
passes a specified value that is close to its initial value, ignoring glitches (see Figure 8).

NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish
between the digital and the delay time.

Delay Time, Reference (of a multiplying DAC) (tgy)

The time interval between the instant when a step change of the reference voltage occurs and the instant when
the analog output passes a specified value that is close to its initial value.

Feedthrough Capacitance (Cg)

The value of the capacitance for a specified value of R in an equivalent circuit for the calculation of the
feedthrough error.

NOTE: The equivalent circuit consists of a high-pass R-C filter between the reference input and the analog
output.

Feedthrough Error (see Part 4)
Glitch (of a DAC)

A short, undesirable transient in the analog output occurring following a code change at the digital input (see
Figure 8).

Glitch Area (of a DAC)
The time integral of the analog value of the glitch transient.
NOTE 1: Usually, the maximum specified glitch area refers to a specified worst-case code change.
NOTE 2: Instead of a letter symbol, the abbreviation GA is in use.

Glitch Energy (of a DAC)
The time integral of the electrical power of the glitch transient.
NOTE 1: Usually, the maximum specified glitch energy refers to a specified worst-case code change.
NOTE 2: Instead of a letter symbol, the abbreviation GE is-in use.
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Analog Output
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tsd = Digital Settling Time
tdd tsa = Analog Settling Time
Somd = Digital Slew Rate

tdd = Digital Delay Time
Digital Change ——T

Figure 8. Output Characteristics of a Linear or a Multiplying DAC
for a Step Change in the Digital Input Code

Pedestal (Error) (Ep) (see Part 4)
Ramp Delay, Steady-state (of a multiplying DAC) (ta(ramp))

The time separation between the actual curve of the analog output and the theoretical curve (with no delay) for
a ramp in reference voltage, after the settling time to steady-state ramp has elapsed (see Figure 9).

Settling Time, Analog (of a DAC) (tga) '

The time interval between the instant when the analog output passes a specified value and the instant when
the analog output enters for the last time a specified error band about its final value (see Figures 8 and 10).

Settling Time, (Digital) (of a linear or a multiplying DAC) (tg, tsq)

The time interval between the instant when the digital input changes and the instant when the analog output
value enters for the last time a specified error band about its final value (see Figure 8).

NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish between
the digital and the settling time.

Settling Time, Reference (of a multiplying DAC) (tsy)

The time interval between the instant when a step change of the reference voltage occurs and the instant when
the analog output enters for the last time a specified error band about its final value (see Figure 10).

NOTE: Specifications for the reference settling time are usually given for the highest allowed step change in
reference voltage.

Settling Time to Steady-State Ramp (of a multiplying DAC) (ts(ramp))

The time interval between the instant a ramp in the reference voltage starts and the instant when the analog
output value enters for the last time a specified error band about the final ramp in the output (see Figure 9).
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Figure 10. Output Characteristics for a Step Change in Reference Voltage of a Multiplying DAC

>t

Skewing Time, Internal (of a DAC) ‘
The difference in internal delay between the individual output transitions for a given change of digital input.

NOTE: The internal (and external) skew has a major influehce on the settling time for critical changes in the
digital input, for example, for a 1-LSB change from 011 ... 111 t0 100 . . . 000, and is an important
source of commutation noise.

Slew Rate, (Digital) (of a linear or a multiplying DAC) (Som, Somp)

The maximum rate of change of the analog output value when a change of the digital input code causes a large
step change of the analog output value (see Figure 8).
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NOTE 1: For a multiplying DAC, the full term and the additional subscript D must be used to distinguish
between the digital and the slew rate.

NOTE 2: The abbreviations SR and SR(dig) are also used.
Slew Rate, Reference (of a multiplying DAC) (SomR)

The maximum rate of change of the analog output following a large step change of the reference voltage (see
Figure 10).

NOTE: The abbreviation SR(ref) is also used.

4. ERRORS, ACCURACY

The definitions in this section describe the errors as the difference between the actual value and the nominal
value of the analog quantity. As such they may be expressed in conventional units (for example, millivolts) or
as multiples or submultiples of 1 LSB. An error can also be expressed as a relative value, for example, in % of
FSR. In this case, it is common practice to use the same term as for the analog value.

Absolute Accuracy Error
Synonym for total error.
Feedthrough Error (of a multiplying DAC) (Ef)

An error in analog output due to variation in the reference voltage that appears as an offset error and is
proportional to frequency and amplitude of the reference signal. )

NOTE 1: The specification for the feedthrough error is given for the digital input for which the offset error is
specified, and for a reference signal of specified frequency and amplitude.

NOTE 2: This error may also be expressed as a peak-to-peak analog value.
Full-Scale Error (of a linear ADC or DAC) (Egg)

The difference between the actual midstep value or step value and the nominal midstep value or step value,
respectively, at specified full scale.

NOTE: Normally, this error specification is applied to converters that have no arrangement for an external
adjustment of offset error and gain error.

Gain Error (of a linear ADC or DAC) (Eg)

For an ADC: The difference between the actual midstep value and the nominal midstep value in the transfer
diagram at the specified gain point after the offset error has been adjusted to zero [see
Figure 11(a)].

Fora DAC: The difference between the actual step value and the nominal step value in the transfer
diagram at the specified gain point after the offset error has been adjusted to zero [see
Figure 11(b)]. )

NOTE: See Notes 1 and 2 under Offset Error.
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Figure 11. Gain Error of a Linear 3-Bit Natural Binary Code Converter
(Specified at Step 111), After Correction of the Offset Error
Instability, Long-Term (Accuracy) (AE(a), AE(y))
The additional error caused by the aging of the components and specified for a longer period in time.
Linearity Error, Best-Straight-Line (of a linear and adjustable ADC) (Ey (adj))

The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to minimize the magnitude of the extreme values of
this difference [see Figure 12(a)].

NOTE 1: The inherent quantization error is not included in the best-straight-line linearity error of an ADC. The
ideal value for the transition corresponds to the nominal midstep value +1/2 LSB.

NOTE 2: For a uniformly curved transfer diagram, the extreme values will be very close to half of the magnitude
of the end-point linearity error [see Figure 12(a)].

Linearity Error, Best-Straight-Line (of a linear and adjustable DAC) (E| (aqj))

The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to minimize the magnitude of the extreme values of this difference [see Figure 12(b)].

NOTE: For a uniformly curved transfer diagram, the extreme values will be very close to half of the magnitude
of the end-point linearity error [see Figure 12(b)].
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Figure 12. Best-Straight-Line Linearity Error of a Linear 3-Bit Natural
Binary-Coded Converter (Values Between +1/4 LSB)

Linearity Error, Differential (of a linear ADC or DAC) (Ep)

The difference between the actual step width or step height and the ideal value (1 LSB) (see Figure 13).

NOTE: A differential linearity error greater than 1 LSB can lead to missing codes in an ADC or to
nonmonotonicity of an ADC or a DAC (see Figures 6 and 7).

' Linearity Error, End-Point (of a linear and adjustable ADC) (E[)

The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to zero [see Figure 14(a)].

NOTE 1: The short term linearity error is in common use and is sufficient if no ambiguity with the

best-straight-line linearity error is likely to occur.

NOTE 2: The inherent quantization error is not included in the linearity error of an ADC. The ideal value for
the transition corresponds to the nominal midstep value £1/2 LSB.
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Figure 13. Differential Linearity Error of a Linear ADC or DAC
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Linearity Error, End-Point (of a linear and adjustable DAC) (E} )

The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to zero [see Figure 14(b)].

NOTE: The short term linearity error is in common use and is sufficient |f no ambiguity with the
best-straight-line linearity error is likely to occur.
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Figure 14. End-Point Linearity Error of a Linear 3-Bit Natural Binary-Coded ADC or DAC
(Offset Error and Gain Error are Adjusted to the Value Zero)
Offset Error (of a linear ADC or DAC) (Eg)

For an ADC: The difference between the actual midstep value and the nominal midstep value at the offset point
[see Figure 15(a)].

Fora DAC: The difference between the actual step value and the nominal step value at the offset point
[see Figure 15(b)].

NOTE 1: Usually, the specified steps for the specification of offset error and gain error are the steps at the ends
of the practical full-scale range. For an ADC, the midstep value of these steps is defined as the value
for a point 1/2 LSB apart from the adjacent transition (see Figures 11 and 15).

NOTE 2: The terms offset error and gain error should be used only for error that can be adjusted to zero.
Otherwise, the terms zero-scale error and full-scale error should be used.

Pedestal (Error) (Ep)
A dynamic offset produced in the commutation process.
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Figure 15. Offset Error of a Linear 3-Bit Natural Binary Code Converter (Specified at Step 000)

Quantization Error, Inherent (of an ideal ADC)

Within a step, the maximum (positive or negative) possnb!e deviation of the actual analog input value from the
nominal midstep value.

NOTE 1: This error follows necessarily from the quantization procedure. For a linear ADC, its value equals
+1/2 LSB (see Figure 1).

NOTE 2: The term resolution error for the inherent quantization error is deprecated, because resolution as a
design parameter has only a nominal value.

Rollover Error (of an ADC with decimal output and auto-polarity) (ERo)

The difference in output readings with the analog input switched between positive and negative values of the
same magnitude (close to full scale).

Total Error (of a linear ADC) (E7)

The maximum difference (positive or negative) between an analog value and the nominal midstep value within
any step [see Figure 16(a)].

NOTE 1: If this error is expressed as a relative value, the term relative accuracy error should be used instead
of absolute accuracy error.

NOTE 2: This error includes contributions from offset error, gain error, linearity error, and the inherent
quantization error.

"«‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1-39



GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Total Error (of a linear DAC) (ET)

The difference (positive or negative) between the actual step value and the nominal step value for any step [see
Figure 16(b)].

NOTE 1: If this error is expressed as a relative value, the term relative accuracy error should be used instead
of absolute accuracy error.

NOTE 2: This error includes contributions from offset error, gain error, and linearity error.
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Figure 16. Absolute Accuracy Error, Total Error of a Linear ADC or DAC

Zero-Scale Error (of a linear ADC or DAC) (Ezg)

The difference between the actual midstep value or step value and the nominal midstep value or step value,
respectively, at specified zero scale.

NOTE: Normally, this error specification is applied to converters that have no arrangement for an external
adjustment of offset error and gain error.
5. Dynamic and Sigma-Delta Definitions
Resolution

The number of different output codes possible. Expressed as N, where 2N is the number of available output
codes. ,

Dynamic Range
The ratio of the largest allowable input signal to the noise floor.
Total Harmonic Distortion
The ratio of the rms sum of all harmonics to the rms value of the largest allowable input signal. Units in dB’s.
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Signal to Intermodulation Distortion

The ratio of the rms sum of two input signals to the rms sum of all discernible intermodulation and harmonic
distortion products.

Linearity Error

The deviation of a code from a straight line passing through the endpoints of the transfer function after zero-
and full-scale errors have been accounted for. Zero-scale is a point 1/2 LSB below the first code transition and
full-scale is a point 1/2 LSB beyond the code transition to all ones. The deviation is measured from the middle
of each particular code. Units in %FS.

Differential Nonlinearity

The deviation of a code’s width from the ideal width in LSB’s.
Positive Full Scale Error

The deviation of the last code transition from the ideal, (Vg — 1.5 LSB).
Positive Full Scale Drift

The drift in effective, positive, full-scale input voltage with temperature.
Negative Full Scale Error

The deviation of the first code transition from the ideal, (—Vgf + 0.5 LSB).
Negative Full Scale Drift

The drift in effective, negative, full-scale input voltage with temperature.
Bipolar Offset

The deviation of the midscale transition from the ideal. The ideal is defined as the middie transition lying on a
straight line between actual positive full-scale and actual negative fuil-scale.
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