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THEORY OF
DELTA-SIGMA OPERATION

The delta-sigma section of the PCM1715 is based on a 5-
level amplitude quantizer and a 4th-order filter. This con-
verts the oversampled 16-bit input data to 5-level delta-
sigma form. A block diagram of the 5-level modulator is
shown in Figure 1.

5-level Quantizer

o

8fs/
16 bits

32fs/48fs

S-level

FIGURE 1. Block Diagram of 5-Level Delta-Sigma
Quantizer.

This 5-level delta-sigma modulator has the advantage of
stability of delta-sigma loop and jitter sensitivity over the
typical 1-bit (2-level) delta-sigma modulator.

The combined oversampling rate of the delta-sigma modu-
lator and the internal 8x oversampling digital filter is 48fs at
a system clock speed of 384fs, 32fs at a system clock speed
of 256fs.

A block diagram of the 4th-order filter section Hf(z) in the
delta-sigma modulator is shown in Figure 2.

In general, high order 1-bit delta-sigma modulators have
disadvantages due to loop instability. The 5 level delta-
sigma modulator of the PCM1715 uses phase compensation
techniques to obtain stable operation. In Figure 2, the coef-
ficients, bl to b4, give the basic form of the filter and —al
and —a2 are used for phase compensation of the feedback
loop.

The theoretical quantization noise performance of the 5-
level delta-sigma modulator is shown in Figures 3 and 4. In
the audio band, the quantization noise floor level of the
PCM1715 is less than —130dB (384fs).

MODE OF OPERATION

Serial inputs to MD, MC, and ML (Pins 26, 27 and 28)

control the following functions:

(1) Digital Attenuator [ALO ~ AL7, ARO ~ AR7]
Attenuation data is constructed by 8-bit/Lch, 8-bit/Rch
(total 16-bit), can be controlled as 255 step attenuation
by individual channel. ALO and ARO are LSB, and AL7
and AR7 are MSB. Attenuation Level ATT is given by:

ATT = 20LOG o (ATT DATA/255) [dB]

Out

FIGURE 2. Block Diagram of the Hf(z).
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FIGURE 3. Quantization Noise Spectrum (256fs).
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FIGURE 4. Quantization Noise Spectrum (384fs).
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At ATT DATA: 0XFF, output is 0dB. At ATT DATA
0X00, output is —eo.
When “Muting” is chosen by output mode control, out-
put goes to —eo from the present ATT level.
Moving speed from 0dB to —oo is 1024/f.
Initialized (RESET) ATT level is 0dB.

(2) Versatile Output Mode [PLO ~ PL3]
By using PLO ~ PL3 data, up to 16 different output
modes (Lch/Rch/L+R/MUTE) can be selected to the
output of Lch and Rch, as shown in Table 1.

- Initialized mode is STEREO mode.

(3) De-emphasis Control (DEM)
De-emphasis function is controlled by DEM flag (H:
ON, L: OFF)
De-emphasis is enabled only at 44.1kHzfs. At other fs
frequencies, de-emphasis error is not guaranteed. Initial-
ized mode is De-emphasis OFF.

(4) Attenuator Control (ATC)
If common attenuator control of Lch and Rch is needed,
use the ATC flag (ATC = “H”). Common attenuation can
be controlled by Lch (ALO ~ AL7) data. Initialized mode
is individual.

(5) Infinity-Zero Detection
The PCM1715 has an infinity-zero detect function which
monitors the input data and bit clock. When the input

MODE CONTROL FORMAT

Lch Rch
PLO | PL1 | PL2 | PL3 | OUTPUT | OUTPUT NOTE
0 0 0 0 MUTE MUTE MUTE
0 0 0 1 MUTE R
0 0 1 0 MUTE L
0 0 1 1 MUTE (L + R)y2
0 1 0 0 R MUTE
0 1 0 1 R R
0 1 1 0 R L REVERSE
0 1 1 1 R (L +R)y2
1 0 0 0 L MUTE
1 0 o 1 L R STEREO
1 0 1 0 L L
1 0 1 1 L (L +R)y2
1 1 0 0 (L +R)y2 MUTE
1 1 0 1 (L +Ry2 R
1 1 1 0 (L +R)2 L
1 1 1 1 (L+Ry2 | (L+Ry2 | MONO

TABLE 1. PCM1715 Output Mode Control.

data is continuously “zero” for 8192 cycles of the bit
clock, the infinity zero detect occurs and the DAC
outputs are set to bipolar zero (1/2V¢e).

(6) Reset
Normally, internal initialize (reset) is done automatically
at power on (Vpp > 3.5V). The RSTB-pin (Pin 25)
accepts external forced reset by RSTB=L. During
RSTB=L, the output of the DAC is invalid, set to 1/2V ¢
after internal initialize (1024XTI clock count after
RSTB=H).

LsB MSB LSB

MC 23| |22| |21] j20( [19] |18] [17] |16| |15] |14] |13] |12] |11

ML
LI
BURR - BROWN®
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1fls

~=——Left-Channel Data——»
LSB

—«— Right-Channel Data ——»
MSB LSB

oN | ]

_ MsB__
e

~ [re]is]e]

[Tz] [Oeloslos]

LRCIN

S N N O A N R S LN R IR RN R

NN

TABLE II Data Input Timing Specifications.
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1 ! 1 I '

1 ) | | I |

I I | I i )

1 1 1 I I I
BCKIN _/:—_—\:\—/_ MC m____./

| taown | tacwe I i tcwH i tmowL |

1 i 1 1

| taey | | tmey ;

1 ‘ i | ‘ |

. : . . . .

‘ X | | X |

DIN : 1 ‘ ™ ! : |

| | | !

! fon tos X . tan tus A

| ; i 1

i I ] ( I

.‘ L1 ! LE 1 —— ! o,

1 X ' ' q | '

LRCIN . ) . ML . h ' .

|
i \ I | ! « | |
X ) i | tay ' .
, |
FIGURE 6. Data Input Timing. FIGURE 7. Serial Mode Control Timing.
BCK Pulsewidth (H Level) tacwh 70ns (min) MC Pulsewidth (H Level) tmewr 50ns (min)
BCK Pulsewidth (L Level taowL 70ns (min) MC Pulsewidth (L Level) towe §0ns (min)
BCK Pulse Cycle Time tacy 140ns (min) MC Pulse Cycle Time tuey 100ns (min)
DIN Setup Time tps 30ns (min) MD Setup Time tus 30ns (min)
DIN Hold Time tou 30ns (min) MD Hold Time i 30ns (min)
BCK Rising Edge — LRCI Edge tay 30ns (min) ML Setup Time tues 30ns (min)
LRCI Edge — BCK Rising Edge ts 30ns (min) ML Hold Time tvcH 30ns (min)
ML Low-Level Time Ly 1/sysclk + 20ns (min)

TABLE III. Serial Mode Control Timing Specifications.
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-,

NOTE: External system clock inputs to XTI should meet the following conditions:

Vi > 0.64Vpp
VL < 0.28Vpp
Ty > 10ns
T, > 10ns
FIGURE 8. Operation Instruction For System Clock.
! Internal System Clock . . : Internal System Clock |
i ; ! |
! !
! ; ! |
] 1 .
r ; i |
! ; = !
CLKO (XTi) XTO CLKO (XTI) XTI XTOM
Cy I I C2 External System Clock Input >——
Cy» Cot 10pF ~ 20pF = = NOTE: (1) XTO must be open.

FIGURE 9. Oscillator Circuit Connection Diagram.
Optional external crystal oscillator.

EVALUATION BOARD

Burr-Brown’s DEM-PCM1710 evaluation board for the
PCM1710 is capable of evalution of the PCM1715 and
PCM1710. Digital input signals for the evaluation board are
LRCK, BCK, DATA, and system clock (256fs or 384fs).
Power supply requirement is only +5V. '

The DEM-PCM1710 has a pattern layout for an optional
crystal oscillator. However, the crystal is not installed.

8.2.132
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FIGURE 10. Oscillator Circuit Connection Diagram.
External system clock.
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BURR - BROWN®

PCM1717E

Sourro’.

Stereo Audio

DIGITAL-TO-ANALOG CONVERTER

FEATURES

® ACCEPTS 16- OR 18-BIT INPUT DATA

® COMPLETE STEREO DAC:
8X Oversampling Digital Filter
Multi-Level Delta-Sigma DAC
Analog Low Pass Filter
Output Amplifier
® HIGH PERFORMANCE:
-90dB THD+N
96dB Dynamic Range
100dB SNR
® SYSTEM CLOCK: 256fs or 384fs
® SINGLE +5V POWER SUPPLY
® SELECTABLE FUNCTIONS:
Soft Mute
Digital Attenuation (256 Steps)
Digital De-emphasis
Output Mode: L, R, Mono, Mute
@® SMALL 20-PIN SSOP PACKAGE

DESCRIPTION

The PCM1717 is a complete low cost stereo, audio
digital-to-analog converter, including digital interpo-
lation filter, 3rd-order delta-sigma DAC, and analog
output amplifiers. PCM1717 is fabricated on a highly
advanced 0.6)L CMOS process. PCM1717 accepts 16-
or 18-bit normal input data format, or 16- or 18-bit IIS
data format.

The digital filter performs an 8X interpolation func-
tion, as well as special functions such as soft mute,
digital attenuation, and digital de-emphasis. The digi-
tal filter features —35dB stop band attenuation and
+0.17dB ripple in the pass band.

PCM1717 is suitable for a wide variety of cost-sensitive
consumer applications where good performance is re-
quired. Its low cost, small size, and single +5V power
supply make it ideal for automotive CD players, book-
shelf CD players, BS tuners, keyboards, MPEG audio,
MIDI applications, set-top boxes, CD-ROM drives,
CD-Interactive, and CD-Karaoke systems.

BCKIN ——— Multi-level 0“‘2‘:\' dAmp Vourk
Serial Delta-Sigma DAC Low-pass
| .
LRCIN Ir:}::t 8X 0 pling Modulator Filter D/C_L
DIN Digital Filter with
Multi Function
— Control L Multilevel Output Amp VourR
Delta-Sigma DAC LO\:- ass
MUMUTE Mode F— Modulator Fil::e . D/C_R
MC/DMO Control | .
MD/DM1 v L~ zERO
wooe ——! - [orzoon | L
— Open Drain
Lo |- |
Clock/OSC Manager Power Supply
XTI XTO CLKO Veec AGND  Vp, DGND

International Airport Industrial Park +  Mailing Address: PO Box 11400

+ Tucson, AZ 85734

« Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
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SPECIFICATIONS

All specifications at +25°C, +Vg¢ = +Vpp = +5V, fg = 44.1kHz, and 16-bit input data, SYSCLK = 384fs, unless otherwise noted. Measurement bandwidth is 20kHz.

PCM1717E
PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION ) 16 18 Bits
DIGITAL INPUT/OUTPUT
Logic Family CMOS
Input Logic Level:
Vi@ 70% of Vpp Y
Vi @ 30% of Vpp v
Vig® 70% of Vpp v
V@ 30% of Vpp \
Vil 64% of Vpp \
V@ 28% of Vpp \
Input Logic Current:
i) -1 HA
1,6 120 uA
1© -1 pA
1.® . 0.02 nA
Iy Vi = 3.2V 40 A
W@ Vi = 1.4V -40 nA
Output Logic Level:
Vo™ low = ~5mMA 3.8 v
Vo loL = +BmA 1.0 v
Vo ® loL = +5mA 1.0 \%
DC ACCURACY
Gain Error +1.0 5.0 % of FSR
Gain Mismatch Channel-to-Channel +1.0 +50 % of FSR
Bipolar Zero Error Vo = 1/2 V¢ at Bipolar Zero +30 mV
DYNAMIC PERFORMANCE(!) Ve = +5V, fiy = 991Hz
THD+N at FS (0dB) —90 -80 dB
THD+N at —60dB -34 dB
Dynamic Range EIAJ, A-weighted 90 96 dB
Signal-To-Noise Ratio ElAJ, A-weighted 92 100 dB
Channel Separation 90 a7 dB
Level Linearity Error (-90dB) 0.5 dB
DIGITAL FILTER PERFORMANCE
Pass Band Ripple Normal Mode +0.17 dB
Stop Band Attenuation Normal Mode -35 dB
Pass Band Normal Mode 0.445 fs
Stop Band Normal Mode 0.555 . fs
De-emphasis Error (fs = 32kHz ~ 48kHz) -0.2 . +0.55 dB
Delay Time (Latency) 22.25 +fs sec
ANALOG OUTPUT
Voltage Range FS (0dB) OUT, V¢ = +5V 62% of Vg Vp-p
Load Impedance 5 kQ
Center Voltage +1/2Vee \
POWER SUPPLY REQUIREMENTS
Voltage Range: +Vg¢ ) +4.5 +5.5 vDC
+Vpp +45 +55 vDbC
Supply Current: +lg¢ +lpp'® +Vgg = +Vpp = +5V 18.0 25.0 mA
Power Dissipation +Vee = +Vpp = +5V 90 125 mwW
TEMPERATURE RANGE
Operation -25 +85 °C
Storage 55 +100 °C
NOTES: (1) Tested with Shibasoku #7285 THD, Meter 400Hz HPF, 30kiz LPF On, Average Mode with 20kHz bandwidth limiting. (2) Pins 4, 5, 6, 14: LRCIN, DIN,

BCKIN, MODE. (3) Pins 15, 16, 17, 18: RSTB, MD/DMO, MC/DMf1, ML/MUTE (Schmitt trigger input). (4) Pin 1: XTI. (5) Pins 15, 16, 17, 18: RSTB, MD/DMO0, MC/
DM1, ML/MUTE (if pull-up resistor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCKIN (if pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load
on pins 19 (CLKO) and 20 (XTO).

BURR - BROWN®
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PIN ASSIGNMENTS

PINI NAME |FUNCTION

XTI 1— ; XTO
DGND Z E CLKO
Voo z E MUMUTE
LRCIN Z 7 MC/DM1
DIN E E MD/DM0
BCKIN E E RSTB
ZERO Z E MODE
D/IC_R E E DC_L
VourR i‘ E Vourk
AGND [ 10 | 11 ] Ve
PACKAGE INFORMATION
PACKAGE DRAWING
MODEL PACKAGE NUMBER()
PCM1717E 20-Pin SSOP 334-1

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix C of Burr-Brown IC

Data Book.

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage +6.5V
+V¢ to +Vpp Difference +0.1V
Input Logic Voltage —0.3V to (Vpp + 0.3V)
Power Dissipation 200mwW
Operating Temperature Range . .. =25°C to +85°C
Storge Temp e -55°C to +125°C
Lead Temperature (soldering, 5s) +260°C
Thermal Resistance, 6,5 +70°C/W

BURR -BROWNe®

Burr-Brown IC Data Book—Mixed Signal Products

Data Input Interface Pins

4 LRCIN Sample Rate Clock Input. Controls the update rate (fs).

5 DIN Serial Data Input. MSB first, right justified (Sony format)
or I2S (Philips). Contains a frame of 16- or 18-bit data.

6 BCKIN Bit Clock Input. Clocks in the data present on DIN input.

Mode Control and Clock Signals

1 XTI Oscillator Input (External Clock Input). For an internal
clock, tie XTI to one side of the crystal oscillator. For an
external clock, tie XTI to the output of the chosen
external clock.

14 MODE Operation Mode Select. For Software Mode, tie Mode
“HIGH". For Hardware Mode, tie Mode “LOW".

16 | MD/DMO | Mode Control for Data Input or De-emphasis. When
“HIGH” MD is selected, and a “LOW" selects DMO.

17 | MC/DM1 | Mode Control for BCKIN or De-emphasis. When “HIGH",
MC is selected, and a “LOW"” selects DM1.

18 | MLUMUTE | Mode Control for Strobe Clock or Mute. When “HIGH",
ML is selected, and a “LOW" selects mute.

19 CLKO Buffered Output of Oscillator. Equivalent to XTI.

20 XTO Oscillator Output. When using the internal clock, tie to

the opposite side (from pin 1) of the crystal oscillator.
When using an external clock, leave XTO open.

Operational Controls and Flags

7 ZERO Infinite Zero Detection Flag, open drain output. When
the zero detection feature is muting the output, ZERO
is “LOW". When non-zero input data is present, ZERO
is in a high impedance state. When the input data is
continuously zero for 65.536 BCKIN cycles, zero will be
low.

15 RSTB Resets DAC operation with an active “LOW" pulse.

Analog Output Functions

8 D/C_R Right Channel Output Amplifier Common. Bypass to
ground with 10pF capacitor.

9 VourR Right Channel Analog Output. Vgt max = 0.62 x V.

12 Vourlk Left Channel Analog Output. Vo1 max = 0.62 x V¢e.

13 D/IC_L Left Channel Output Amplifier Common. Bypass to

ground with 10pF capacitor.
Power Supply Connections

2 DGND Digital Ground.
3 Vop Digital Power Supply (+5V).
10 AGND Analog Ground.
11 Vee Analog Power Supply (+3V).

DIGITAL AUDIO PRODUCTS—D/A E PCM1717E
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TYPICAL PERFORMANCE CURVES

At Ty = +25°C, Vg = +5V, RL = 1009, C, = 2pF, and Reg = 4020, unless otherwise noted.
DYNAMIC PERFORMANCE

THD+N vs Ve, Vpp DYNAMIC RANGE vs INPUT DATA
fi = 1kHz, 384fg fi = TkHz
-84 -30 100
-86 98 e
— . -60dB o oy BYs et
a = A . Yt S
@ 88 p— -4 3 & o A LRk
P ? & 384f
z © 2
6 -90 % 5 94
-92 £ -38 92
0dB
-94 90
35 4.0 4.5 5.0 55 6.0 16-Bit 18-Bit
Veer Voo (V) Input Data
THD+N vs TEMPERATURE ‘ THD+N vs INPUT DATA
f0 = TkHz, 3841 fi = TkHz, FS (0dB)
-84 -30 -84
-86 _ -86
— a
@ T
kS o —
o 88 -34 3 g -88
7 -60dB T z
©
z N / ® & 384
& 90 z I -90 -
I & L 1
= L~ o e T I
= e T e~
-92 -38 -92 7 ==
0dB 2561
-90 -94
25 0 25 50 75 85 100 16-Bit 18-Bit
Temperature (°C) ' Input Data
DYNAMIC RANGE AND SNR vs Vee, Vop
fiy = 1KHz, 3841g
100
/——h
— SNR
98
96 4
) Dynamic
T
=~ Range
94
92
90
3.5 4.0 45 5.0 55 6.0
VCC’ VDD
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TYPICAL PERFORMANCE CURVES

At Ta = +25°C, Vg = +5V, R = 44.1kHz, fsys = 384fs, and 16-bit input data, unless otherwise noted.
DIGITAL FILTER

OVERALL FREQUENCY CHARACTERISTIC PASSBAND RIPPLE CHARACTERISTIC
0 0
-20 -0.2
—40 0.4
: WM, 1\ \ N/ /NN
n
60 Il | Wi 06 T g
-80 - -0.8
-100 -1
0 0.4536f5  1.3605f;  2.2675fy  3.1745fy  4.0815fg 0 0.1134fg 0.2268fg 0.3402fg 0.4535fg
Frequency (Hz) Frequency (Hz)
DE-EMPHASIS FREQUENCY RESPONSE (32kHz) DE-EMPHASIS ERROR (32kHz)
0 - - : - 0.6 - - -
— - : _. 04 s S
a : @ 02 — . _ el
3 i 5 0
§ 5 02 (1]
: e e 0.4 | : ~
- - - -0.6 - -
0 5k 10k 15k 20k 25k 0 3628 7256 10884 14512 ",:
Frequency (Hz; Frequency (Hz
quency (Hz) quency (Hz) —
DE-EMPHASIS FREQUENCY RESPONSE (44.1kHz) DE-EMPHASIS ERROR (44.1kHz) E
0= \ : : os )
~ 2 l | i —. 04
g 4 [ i — | B 02 | b e o
5 -6 : + - o0
: 5 ——
? -8 = - f 5 92 T i
=0 P 04 ‘
-12 - - - -0.6 - -
0 5k 10k 15k 20k 25k 0 4999.8375  9999.675 149995125  19999.35
Frequency (Hz) Frequency (Hz)
DE-EMPHASIS FREQUENCY RESPONSE (48kHz) 0.6 DE-EMPHASIS ERROR (48kHz)
0 - . H ¢ H
. 04 ; P———
—~ @
@ @ 02 |———— - ! —
= 5 0 ] ‘
3 E 02 —
3 0.4 ‘
-0.6 -
0 5442 10884 16326 21768
0 5k 10k 15k 20k 25k Frequency (Hz)
Frequency (Hz)
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SYSTEM CLOCK

The system clock for PCM1717 must be either 256fs or
384fs, where fs is the audio sampling frequency (typically
32kHz, 44.1kHz, or 48kHz). The system clock is used to
operate the digital filter and the modulator.

The system clock can be either a crystal oscillator placed
between XTI (pin 1) and XTO (pin 20), or an external clock
input to XTI. If an external system clock is used, XTO is
open (floating). Figure 1 illustrates the typical system clock
connections.

PCM1717 has a system clock detection circuit which auto-
matically senses if the system clock is operating at 256fs or
384fs. The system clock should be synchronized with LRCIN
(pin 4) clock. LRCIN (left-right clock) operates at the
sampling frequency fs. In the event these clocks are not
synchronized, PCM1717 can compensate for the phase dif-
ference internally. If the phase difference between left-right

. and system clocks is greater than 6 bit clocks (BCKIN), the
synchronization is performed internally. While the synchro-
nization is processing, the analog output is forced to a DC
level at bipolar zero. The synchronization typically occurs in
less than 1 cycle of LRCIN.

DATA INTERFACE FORMATS

Digital audio data is interfaced to PCM1717 on pins 4, 5,
and 6—LRCIN (left-right clock), DIN (data input) and
BCKIN (bit clock). PCM1717 can accept both normal and
12S data formats. Normal data format is MSB first, two’s
complement, right-justified. 12S data is compatible with
Philips serial data protocol. In the I2S format, the data is 16-
or 18-bit, selectable by bit 0 on Register 3 (Software Control
Mode). In the Hardware Mode, PCM1717 can only function
with 16-bit normal data. Figures 3 through 7 illustrate timing
and input formats.

[ Internal System Clock

C;, C,=101to 20pF - ;;CNH.TI;E T
CRYSTAL RESONATOR CONNECTION

[ Internal System Clock

| XTI

External Clock p———O———

|
|
|
I
1
1

| XTO

PCM1717E

EXTERNAL CLOCK INPUT
XTO pin = No Connection

FIGURE 1. Internal Clock Circuit Diagram and Oscillator Connection.

64% OF Vpp

External System Clock High
External System Clock Low

--—f——~ 28%OFVp,
I

txTiH 10ns (min)

txriL 10ns (min)

FIGURE 2. External Clock Timing Requirements.
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OPERATIONAL CONTROL

PCM1717 can be controlled in two modes. Software Mode
allows the user to control operation with a 16-bit serial
register. Hardware Mode allows the user to hard-wire opera-
tion of PCM1717 using four parallel wires. The MODE pin
determines which mode PCM1717 is in; a LOW level on pin
14 places PCM 1717 in Hardware Mode, and a HIGH on pin
14 places PCM1717 in Software Mode.

MODE (Pin 14)

“HIGH"
“Low”

Selected Mode | Pin 16 | Pin 17 | Pin 18

Software Mode MD MC ML
Hardware Mode DMo DM1 | MUTE

Table I indicates which functions are selectable within the
user’s chosen mode. All of the functions shown are select-
able in the Software Mode, but only soft mute and de-
emphasis control may be selected in the Hardware Mode.

SOFTWARE HARDWARE
MODE  [DEFAULT| MODE [DEFAULT
FUNCTION SELECTABLE SELECTABLE!
Input Data Format Yes No
Normal Format Normal | Normal Only | Normal
12S Format
Input Resolution Yes No
16 Bits 16 Bits | 16 Bits Only | 16 Bits
18 Bits
LRCIN Polarity Yes No
L/R = High/Low LUR=HL| UR=HL |UR=HL
L/R = Low/High Only
De-emphasis Controt Yes Yes
32kHz
44.1kHz OFF OFF
48kHz
OFF
Soft Mute Yes OFF Yes OFF
Digital Attenuation Yes 0dB No 0dB
Analog Output Mode Yes Stereo No Stereo
Infinite Zero Detection Yes Disabled No Disabled
DAC Operation Control Yes ON No ON

TABLE I. Feature Selections by Mode.

HARDWARE MODE

(Pin 14 = “0”)

This mode is controlled by logic levels present on pins 15,
16, 17 and 18. Hardware Mode allows for control of soft
mute, digital de-emphasis and disable ONLY. Other func-
tions such as attenuation, I/O format and infinite zero detect
can only be controlled in the Software Mode.

SOFT MUTE (Pin 18)
A LOW level on pin 18 will force both channels to be muted;
a HIGH level on pin 18 will allow for normal operation.

The information provided herein is believed to be reliable; however, BURR-BROWN

DIGITAL DE-EMPHASIS (Pins 16 and 17)
Pins 16 and 17 are used as a two-bit parallel register to
control de-emphasis modes:

PIN 16 PIN 17 MODE
0 0 De-emphasis disabled
1 0 De-emphasis enabled at 48kHz
0 1 De-emphasis enabled at 44.1kHz
1 1 De-emphasis enabled at 32kHz

RESET MODE (Pin 15)

A LOW level on pin 15 will force the digital filters, modu-
lators and mode controls into a reset (disable) mode. While
this pin is held low, the output of PCM1717 will be forced
to V¢c/2 (Bipolar Zero). Bringing pin 15 HIGH will initial-
ize all DAC functions, and allow for normal operation.

SOFTWARE MODE

(Pin14=*17)

The Software Mode uses a three-wire interface on pins 16,
17 and 18. Pin 17 (MC) is used to clock in the serial control
data, pin 18 (ML) is used to synchronize the serial control
data, and pin 16 (MD) is used to latch in the serial control
register. There are four distinct registers, with bits 9 and 10
(of 16) determining which register is in use.

REGISTER CONTROL (Bits 9, 10)

REGISTER B9 (A0) B10 (A1)
0 0 0
1 1 0
2 0 1
3 1 1

Control data timing is shown in Figure 6. ML is used to latch
the data from the control registers. After each register’s
contents are checked in, ML should be taken low to latch in
the data. A “res” in the register indicates that location is
reserved for factory use. When loading the registers, the
“res” bits should be set LOW.

REGISTER 0

B15 B14B13 B12 B11B10 B9 B8 B7 B6 B5 B4 B3 .B2 B1 BO
|res | reslresl res l resl Al | AO|LDL|AL7|AL6|AL5|AL4|AL3|AL2IAL1 |ALO|

Register 0 is used to control left channel attenuation. Bits
0-7 (ALO-AL7) are used to determine the attenuation level.
The level of attenuation is given by:

ATT = [20log,, (ATT_DATA/255)] dB

no responsibility for ir ies or ions. BURR-BROWN assumes no

responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change without notice.
No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN

product for use in life support devices and/or systems.
BURR - BROWN®
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ATTENUATION DATA LOAD CONTROL, LCH

Bit 8 (LDL) is used to simultaneously set analog outputs of
Lch and Rch. An output level is controlled by ‘AL[0:7]
attenuation data when this bit is set to 1. When set to 0, an
output level is not controlled and remained at the previous
attenuation level. A LDR bit in Register 1 has an equivalent
function as the LDL. When one of LDL or LDR is set to 1,
the output level of the left and right channel is simulta-
neously controlled. The attenuation level is given by:

ATT = 20log (y/256) (dB), where y = x, when 0 < X < 254
y = x + 1, when x = 255

X is the user-determined step number, an integer value
between 0 and 255.

Example:
let x = 255
ATT =20lo (255”):0(13
256
let x = 254
ATT =20 log(ﬂ) = —0.068dB
56
let x =1
ATT =20 log(—l—) = —-48.16dB
256
letx=0
0
ATT =20log| — |= —eo
. 256
REGISTER 1

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
ILes |res Ires |res |res | A1 | A0 |LﬂAR7|AHGlARSlAR4|AR3|AR2|ARilARO|

Register 1 is used to control right channel attenuation. As
in Register 1, bits 0-7 (AR0-AR7) control the level of
attenuation.

REGISTER 2

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
l resI resl res | resl resI Al |A0 |res | res | res|res | IZD|0PEIDM1|DMO]MUTE|

Register 2 is used to control soft mute, digital de-emphasis,
disable, and infinite zero detect. Bit 0 is used for soft mute;
a HIGH level on bit 0 will cause the output to be muted.
Bits 1 and 2 are used to control digital de-emphasis as
shown below:

BIT1(DM0) | BIT2(DM1) | DE-EMPHASIS
0 0 De-emphasis disabled
0 De-emphasis enabled at 48kHz
0 1 De-emphasis enabled at 44.1kHz
1 1 De-emphasis enabled at 32kHz
8.2.140

Bits 3 (OPE) and 4 (IZD) are used to control the infinite zero
detection features. Tables II through IV illustrate the rela-
tionship between 1ZD, OPE, and RSTB (reset control):

DATA INPUT DAC OUTPUT
Zero Forced to BPZ(")
1ZD =1
Other Normal
Zero Zero®
1ZD=0
Other Normal

TABLE II. Infinite Zero Detection (IZD) Function.

Burr-Brown IC Data Book—Mixed Signal Products

SOFTWARE MODE
DATA INPUT DAC OUTPUT INPUT
OPE = 1 Zero Forced to.BPZ(" Enabled
B Other Forced to BPZ(1) Enabled
Zero Controlled by 1ZD Enabled
OPE=0
Other Normal Enabled
TABLE III. Output Enable (OPE) Function.
SOFTWARE
MODE
DATA INPUT DAC OUTPUT INPUT
RSTB = “HIGH" Zero Controlled by OPE and 12D Enabled
Other Controlled by OPE and 1ZD Enabled
(1) i
RSTB = “LOW" Zero Forced to BPZ Disabled
Other Forced to BPZ(" Disabled

TABLE IV. Reset (RSTB) Function.

NOTE: (1) AX is disconnected from output amplifier. (2) AX. is connected to
output amplifier.

OPE controls the operation of the DAC: when OPE is
“LOW?, the DAC will convert all non-zero input data. If the
input data is continuously zero for 65,536 cycles of BCKIN,
the output will only be forced to zero only if IZD is “HIGH”.
When OPE is “HIGH”, the output of the DAC will be forced
to bipolar zero, irrespective of any input data.

IZD controls the operation of the zero detect feature: when
I1ZD is “LOW?, the zero detect circuit is off. Under this
condition, no automatic muting will occur if the input is
continuously zero. When IZD is “HIGH”, the zero detect
feature is enabled. If the input data is continuously zero for
65,536 cycle of BCKIN, the output will be immediately
forced to a bipolar zero state (Vc/2). The zero detection
feature is used to avoid noise which may occur when the
input is DC. When the output is forced to bipolar zero, there
may be an audible click. PCM1717 allows the zero detect
feature to be disabled so the user can implement an external
muting circuit.

REGISTER 3

Bi5 B14 Bt3 B12 BI1B10 B B8 B7 B6 B5 B4 B3 B2 Bi BO
[res [ res [res [ res] res] a1 [ A0 [res [PrapLe]pLipLofatc] w [uee] s |

Register 3 is used to select the I/O data formats. Bit 0 (IIS)
is used to control the input data format. If the input data
source is normal (16- or 18-bit, MSB first, right-justified),
set bit 0 “LOW™. If the input format is IIS, set bit 0 “HIGH”.

BURR - BROWN®
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1ftls

Left-ch:

| Data

LRCIN (pin 4)

Audio Data Word = 16-Bit

DIN(pin5) 14 16
Audio Data Word = 18-Bit
DIN (pin5) 16

BCKIN (pin 6) | | | | | ﬂ

Right-channel Data ——————»

MsB o LsB
[ ]2l3] [1a]ss]s
LsB

[ Te

MSB - LSB

[ T2]s] [a]ss]e

__________ MsB o LsB
1[2]s] [1e]17T1e]

FIGURE 3. “Normal” Data Input Timing.

11is

LRCIN (pin 4)

~———————Left-channel Data

Right-channel Data ————

MSB

eoaneine) [ [T TTALFLFL FLELALFLFL: _I'I}IU_LFI_FI JRINREIRIRRSRNY

Audio Data Word = 16-Bit MSB LSB
oiNpins) TiJ2Ja] [rafws[te]
Audio Data Word = 18-Bit MSB L
[16]17]18]

[

!<->I
tos

BCKIN Pulsewidth (High Level)
BCKIN Pulsewidth (Low Level)
BCKIN Pulse Cycle Time

BCKIN Rising Edge — LRCIN Edge
LRCIN Edge — BCKIN Rising Edge
DIN Setup Time

DIN Hold Time

tach
tacL
tacy
taL
te

tos

ton

50ns (min)
50ns (min)
100ns (min)
30ns (min)
30ns (min)
30ns (min)
30ns (min)

FIGURE 5. Data Input Timing.

Bit 1 is used to select the polarity of LRCIN (sample rate
clock). When bit 1 is LOW, a HIGH state on LRCIN is used
for the left channel, and a LOW state on LRCIN is used for
the right channel. When bit 1 is HIGH the polarity of LRCIN

is reversed.

Bit 2 is used to select the input word length. When bit 2 is
LOW, the input word length is set for 16 bits; when bit 2 is
HIGH, the input word length is set for 18 bits.

BURR - BROWN©®

Bit 3 is used as an attenuation control. When bit 3 is set
HIGH, the attenuation data on Register 0 is used for both

channels, and the data in Register 1 is ignored. When bit 3
is LOW, each channel has separate attenuation data.

Bits 4 through 7 are used to determine the output format, as

shown in Table V:

PLO | PL1 | PL2 | PL3 | Lch OUTPUT | Rch OUTPUT | NOTE
oo oo MUTE MUTE MUTE
oo | o] 1 MUTE R
o|lo|1]o0 MUTE L
o | o | 1 1 MUTE (L +R)2
o |1 |o]o R MUTE
o | 1| o] 1 R R
o1 |1]o R L REVERSE
o | 1 1 1 R (L + Ry2
1 oo o L MUTE
1 o o 1 L R STEREO
1 o | 1] o L L
1 0| 1 1 L (L + R)2
1 1100 (L +R)2 MUTE
1 100 |1 (L +R)2 R
1 1 1] 0 (L +R)2 L
1 101 1 (L +R)2 (L +R)2 MONO

TABLE V. PCM1717 Output Mode Control.

REGISTER RESET STATES
After reset, each register is set to a predetermined state:

Register 0
Register 1
Register 2
Register 3

0000 0000 1111 1111
0000 0001 1111 1111
0000 0010 0000 0110
0000 0011 1001 0000

Burr-Brown IC Data Book—Mixed Signal Products
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ML (pin 18) ‘ il

MD (pin 16) _ [B15|B14[B13[B12]B11[B10[ Bo | B8 | B7 |BS | B5 [ B4 [B3 | B2|B1 |Bd |

- s twen
! !

ML = = =« o m e e R 50% of Vpp

50% of Vpp

G () G G G G R

T
tups =ewr=eam) tyDH

MC Pulse Cycle oy 100ns (min)

MC Pulsewidth “L" tmeL 50ns (min)

MC Pulse Cycle “H" tmeH 50ns (min)

MD Setup Time tvos 30ns (min)

MD Hold Time tmon 30ns (min)

ML Setup Time tus 30ns (min)

ML Hold Time . tmLn 30ns (min)

ML Pulsewidth “L” e 30ns + 1SYSCLK (min)

FIGURE 6. Control Data Timing in Software Mode Control.

I 1 i
RSTB T—\——_—_—/‘/ -------------------------- 50% of Vpp
3 I

o tre RSTB Pulsewidth 20ns (min)
FIGURE 7. External Reset Timing.
0.1pF ~ 10pF
Bypass Capacitor
11
_—‘__ 1 +5V Analog Power Supply
2 3
F o~
10pF - 22pF T 2P Voo ol FOUT = Inverted XTI (1 pin)
CLKO |19 to Other System
_
4 20 | XTO
== 10pF ~ 22pF
Post
VourR E Low Pass [
‘—>E LRCIN DIC_R| 8 Filler
PCM E j—ji (optional)
AudoData  [—+]5 | o 1ouF
Processor
—*’E BCKIN
-l =
1ouF Post
Low Pass [~
Mode Control
>———>E MODE b L1 - v P
———E MUMUTE Vourk {12 (optional)
Control
Processor _’|—1_7_ MC/DM1 %4 7kQ
— 16 | MD/DMO ZERO 3 To External Mute Circuit
5] mse
AGND V,
Fleset—l_. i
. 10 11
T 1
= 0.1pF ~ 10pF
Bypass Capacitor

FIGURE 8. Typical Connection Diagram of PCM1717.
BURR -BROWN©®
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POWER SUPPLY
CONNECTIONS.

PCM1717 has two power supply connections: digital (Vpp)
and analog (Vcc). Each connection also has a separate
ground. If the power supplies turn on at different times, there
is a possibility of a latch-up condition. To avoid this condi-
tion, it is recommended to have a common connection
between the digital and analog power supplies. If separate
supplies are used without a common connection, the delta
between the two supplies during ramp-up time must be less
than 0.6V.

An application circuit to avoid a latch-up condition is shown
in Figure 9.

Digital Analog
Power Supply Power Supply
@—
]
Voo Ve
DGND AGND
- .

FIGURE 9. Latch-up Prevention Circuit.

BYPASSING POWER SUPPLIES

The power supplies should be bypassed as close as possible
to the unit. Refer to Figure 8 for optimal values of bypass
capacitors.

THEORY OF OPERATION

The delta-sigma section of PCM1717 is based on a 5-level
amplitude quantizer and a 3rd-order noise shaper. This
section converts the oversampled input data to 5-level delta-
sigma format.

A block diagram of the 5-level delta-sigma modulator is
shown in Figure 10. This 5-level delta-sigma modulator has
the advantage of stability and clock jitter sensitivity over the
typical one-bit (2 level) delta-sigma modulator.

The combined oversampling rate of the delta-sigma modu-
lator and the internal 8-times interpolation filter is 48fg for
a 384fg system clock, and 64f for a 256fg system clock. The
theoretical quantization noise performance of the 5-level
delta-sigma modulator is shown in Figure 11.

it toval I
||l|||.||||||||||||.||||||

Delta Sigma

3rd-ORDER AX MODULATOR

Gain (-dB)
&
o

~100

-120

~140
~160

Frequency (kHz)

FIGURE 11. Quantization Noise Spectrum.

s, b | T_
18-Bit

[ ] |
L |

|
| \Y4 VY

+ +

Out

5-level Quantizer

481 (384f5)
641 (256fg)

FIGURE 10. 5-Level AX Modulator Block Diagram.

BURR -BROWN®
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APPLICATION
CONSIDERATIONS
DELAY TIME

There is a finite delay time in delta-sigma converters. In A/D
converters, this is commonly referred to as latency. For a
delta-sigma D/A converter, delay time is determined by the

The performance of the internal low pass filter from DC to
24kHz is shown in Figure 12. The higher frequency rolloff
of the filter is shown in Figure 13. If the user’s application
has the PCM1717 driving a wideband amplifier, it is recom-
mended to use an external low pass filter. A simple 3rd-
order filter is shown in Figure 14. For some applications, a
passive RC filter or 2nd-order filter may be adequate.

order number of the FIR filter stage, and the chosen sampling INTERNAL ANALOG FILTER FREQUENCY RESPONSE
rate. The following equation expresses the delay time of (20Hz~24kHz, Expanded Scale) |
PCM1717: : 1.0
Tp = 22.25 x 1/fg
0.5
For fg = 44.1kHz, T, = 22.25/44.1kHz = 502.8us
Applications using data from a disc or tape source, such as g 5
CD audio, CD-Interactive, Video CD, DAT, Minidisc, etc., \\
generally are not affected by delay time. For some profes-
sional applications such as broadcast audio for studios, it is -0.5
important for total delay time to be less than 2ms.
-1.0
INTERNAL RESET 20 100 1k 10k 24k
‘When power is first applied to PCM1717, an automatic reset Frequenoy (Hz)
function occurs after 1,024 cycles of XTI clock. Refer to FIGURE 12. Low Pass Filter Frequency Response.
Table I for default conditions. During the first 1,024 cycles )
of XTI clock, PCM1717 cannot be programmed (Software INTERNAL ANALOG FILTER FREQUENCY RESPONSE
Control). Data can be loaded into the control registers during 10 (10Hz~10MHz)
this time, and after 1,204 cycles of XTI clock, a "LOW" on 5
ML (pin 18) will initiate programming. 0
-5 ‘\
-10 AN
OUTPUT FILTERING ‘ 15 N\
For testing purposes all dynamic tests are done on the 8 :gg
PCM1717 using a 20kHz low pass filter. This filter limits -30 N\
the measured bandwidth for THD+N, etc. to 20kHz. Failure jg \
to use such a filter will result in higher THD+N and lower 45 \
SNR and Dynamic Range readings than are found in the -50 \X
specifications. The low pass filter removes out of band -55
X . . . . -60 - -
noise. Although it is not audible, it may affect dynamic 10 100 1K 10k 100k 1M 10M
specification numbers. Frequency (Hz)
FIGURE 13. Low Pass Filter Frequency Response.
GAIN vs FREQUENCY
6 90
U o
Gain
-14 . 5 0
g -34 N -90 ;;;
£ 8
& 54 \ ~180 &
Phase N i
74 \\\ \_1 -270
N .
-94 -360
100 1k 10k 100k ™M
Frequency (Hz)

FIGURE 14. 3rd-Order LPF.
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Test Disk
Lch
ch DEM-
Player | Digital DAl PCM1717| 5
Rch

Shibasoku #725

Through

PGA . |—=
11th-order fo_‘
LPF

THD
Meter

0dB/60dB 30KHz LPF on
For test of S/N ratio and Dynamic Range, A-filter ON.

FIGURE 15. Test Block Diagram.

TEST CONDITIONS-

Figure 15 illustrates the actual test conditions applied to
PCM1717 in production. The 11th-order filter is necessary
in the production environment for the removal of noise
resulting from the relatively long physical distance between
the unit and the test analyzer. In most actual applications, the
3rd-order filter shown in Figure 14 is adequate. Under
normal conditions, THD+N .typical performance is —70dB
with a 30kHz low pass filter (shown here on the THD
meter), improving to —89dB when the external 20kHz 1 1th-
order filter is used. :

EVALUATION FIXTURES
Three evaluation fixtures are available fqr PCM1717.

DEM-PCM1717

This evaluation fixture is primarily intended for quick evalu-
ation of the PCM1717’s performance. DEM-PCM1717 can
accept either an external clock or a user-installed crystal
oscillator. All of the functions can be controlled by on-board
switches. DEM-PCM1717 does not contain a receiver chip
or an external low pass filter. DEM-PCM1717 requires a
single +5V power supply.

OUT-OF-BAND NOISE CONSIDERATIONS

Delta-sigma DACs are by nature very sensitive to jitter on
the master clock. Phase noise on the clock will result in an
increase in noise, ultimately degrading dynamic range. It is
difficult to quantify the effect of jitter due to problems in
synthesizing low levels of jitter. One of the reasons delta-
sigma DACs are prone to jitter sensitivity is the large
quantization noise when the modulator can only achieve two
discrete output levels (0 or 1). The multi-level delta-sigma
DAC has improved theoretical SNR because of multiple
output states. This reduces sensitivity to jitter. Figure 16
contrasts jitter sensitivity between a one-bit PWM type DAC
and multi-level delta-sigma DAC. The data was derived
using a simulator, where clock jitter could be completely
synthesized.

BURR - BROWN®
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FIGURE 16. Simulation Results of Clock Jitter Sensitivity.
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FIGURE 17. Simulation Method for Clock Jitter.
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PCM1718E

PRELIMINARY INFORMATION
SUBJECT TO CHANGE
WITHOUT NOTICE

_ Souwmr, ..-Stereo Audio
DIGITAL-TO-ANALOG CONVERTER

FEATURES DESCRIPTION

@ ACCEPTS 16- or 18-BIT I2S, OR 18-BIT The PCM1718 is a complete low cost stereo, audio
NORMAL INPUT DATA digital-to-analog converter, including digital interpo-

® COMPLETE STEREO DAC: lation filter, 3rd-order delta-sigma DAC, and analog
8X Oversampling Digital Filter output amplifiers. PCM1718 is fabricated on a highly
Multi-Level Delta-Sigma DAC advanced 0.6 CMOS process. PCM1718 accepts 18-
Analog Low Pass Filter bit normal input data format, or 16- or 18-bit I2S data
Output Amplifier format.

@ HIGH PERFORMANCE: The digital filter performs an 8X interpolation func-
—90dB THD+N tion, as well as special functions such as soft mute and
96dB Dynamic Range digital de-emphasis.
100dB SNR PCM1718 is suitable for a wide variety of cost-sensitive

® SYSTEM CLOCK: 256fs or 384fs consumer applications where good performance is re-

) quired. Its low cost, small size, and single power supply
® WIDE POWER SUPPLY: +2.7V to +5.5V make it ideal for BS tuners, keyboards, MPEG audio,

@ SELECTABLE FUNCTIONS: PCMCIA audio cards, MIDI applications, and set-top
Soft Mute boxes.
Digital De-emphasis

® SMALL 20-PIN SSOP PACKAGE

BOKIN ! Mutitevel Outout Amp & Vol
Serial Delta-Sigma DAC Low-pass |
LRCIN Input . —  Modulator ow-pas: D/C_L
VE 8X 0O pling Filter
DIN Digital Filter with
Multi Function
’_, Control Multi-level Outzl;:tdAmp VourR
] Delta-Sigma DAC
MUTE Voda | Modulator "°;’“'t':afs DIC_R
DMo Control
\/F [
DMm1 l — ZERO
FORMAT ——*
Open Drain
=
Clock/OSC Manager Power Supply
XTI XTO  CLKO Vge AGND Vg, DGND

International Airport Industrial Park +  Mailing Address: PO Box 11400 - Tucson, AZ85734 + Street Address: 6730 S. Tucson Blvd. « Tucson, AZ 85706
Tel: (520) 746-1111 » Twx:910-952-1111 - Cable: BBRCORP - Telex:066-6491 » FAX:(520)889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS

All specifications at +25°C, +Vg¢ = +Vpp = +5V, fs = 44.1kHz, and 18-bit input data, SYSCLK = 384fs, unless otherwise noted. Measurement bandwidth is 20kHz.

PCM1718E

PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION 16 18 Bits
DIGITAL INPUT/OUTPUT
Logic Family CMOS
Input Logic Level:

Vi@ 70% of Vpp \

Vv, @ 30% of Vpp v

Vig® 70% of Vpp v

v, @ 30% of Vpp v

A 64% of Vpp v

AS 28% of Vpp v
Input Logic Current:

14 - pA

1,6 120 pA

Iy ® -1 HA

1.© 0.02 pA

I Vi = 3.2V 40 uA

1@ Vin = 1.4V -40 pA
Output Logic Level:

Vo™ low = —5MA 3.8 v

Vo D loL = +5mA 1.0 v

Vo ® lo = +5mA 1.0 v
DC ACCURACY
Gain Error +1.0 +5.0 % of FSR
Gain Mismatch Channel-to-Channel +.0 +5.0 % of FSR
Bipolar Zero Error Vp = 1/2 V¢ at Bipolar Zero +30 mV
DYNAMIC PERFORMANCE(" Ve = +5V, fiy = 991Hz
THD+N at FS (0dB) -90 -80 dB
THD+N at —60dB -34 dB
Dynamic Range EIAJ, A-weighted 90 96 dB w
Signal-To-Noise Ratio EIAJ, A-weighted 92 100 dB o0
Channel Separation 90 97 dB ™
Level Linearity Error (~-90dB) 105 dB N~
DIGITAL FILTER PERFORMANCE b
Pass Band Ripple Normal Mode $0.17 dB =
Stop Band Attenuation Normal Mode =35 dB o
Pass Band Normal Mode 0.445 fs o
Stop Band Normal Mode 0.555 fs
De-emphasis Error (is = 32kHz ~ 48kHz) -0.2 +0.55 dB
Delay Time (Latency) 2225 + fs sec
ANALOG OUTPUT
Voltage Range FS (0dB) OUT, V¢ = +5V 62% of Vg Vp-p
Load Impedance 5 kQ
Center Voltage 50% of Vg \
POWER SUPPLY REQUIREMENTS .
Voltage Range: +V¢¢ +2.7 +5.5 vbC

+Vpp +2.7 +5.5 vDC

Supply Current: +lg¢ +lpp!® +Vee = +Vpp = +5V 18.0 25.0 mA
Power Dissipation +Vge = +Vpp = +5V 20 125 mwW
TEMPERATURE RANGE
Operation -25 +85 °C
Storage -55 +100 °C

NOTES: (1) Tested with Shibasoku #725 THD. Meter 400Hz HPF, 30kHz LPF On, Average Mode with 20kHz bandwidth limiting. (2) Pins 4, 5, 6, 14: LRCIN, DIN,
BCKIN, FORMAT. (3) Pins 15, 16, 17, 18: RSTB, DM0, DM1, MUTE (Schmiitt trigger input). (4) Pin 1: XTI. (5) Pins 15, 16, 17, 18: RSTB, DMO, DM1, MUTE (if
pull-up resistor is used). (6) Pins 4, 5, 6: LRCIN, DIN, BCKIN (if pull-up resistor is not used). (7) Pin 19: CLKO. (8) Pin 7: ZERO. (9) No load on pins 19 (CLKO)
and 20 (XTO).

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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PIN CONFIGURATION

PIN ASSIGNMENTS

TOP VIEW SSOP
XTI z z XTO
peND | 2 | 19 ] cLko
Voo Z E MUTE
LRCIN| 4 | [17] omt
DIN E E DMo
BCKIN E 3_5_ RSTB
ZERO Z E FORMAT
DIC_R E E boL
VourR E E Vourk
AGND E 11| Vo
‘PACKAGE INFORMATION
. PACKAGE DRAWING
MODEL PACKAGE NUMBER(™
PCM1718E 20-Pin SSOP 334-1

NOTE: (1) For detailed drawing and dimension table, pl
sheet, or Appendix C of Burr-Brown IC Data Book.

ABSOLUTE MAXIMUM RATINGS

ease see end of data

Power Supply Voltage +6.5V
+V¢c to +Vpp, Difference 0.1V
Input Logic Voltage 0.3V to (Vpp + 0.3V)
Power Dissipation 200mwW
Operating Temperature Range ... .—25°C to +85°C
Storge Temperature -55°C to +125°C
Lead Temperature (soldering, 5s) +260°C
Thermal Resistance, 6)5 +70°C/W
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PINL NAME l FUNCTION

Data Input Interface Pins

4 LRCIN Sample Rate Clock Input. Controls the update rate (fs).

5 DIN Serial Data Input. MSB first, right justified (Sony format,
18 bits) or [2S (Philips format, 16 or 18 bits).

6 BCKIN Bit Clock Input. Clocks in the data present on DIN input.

Mode Control and Clock Signals )

1 XT! Oscillator Input (External Clock Input). For an internal
clock, tie XTI to one side of the crystal oscillator. For an
external clock, tie XTI to the output of the chosen
external clock.

14 | FORMAT | A “HIGH" selects IS input data format, and a “LOW"
selects Normal (Sony) input data format. .

16 DMO De-emphasis selection.

17 DM1 De-emphasis selection.

18 MUTE Soft Mute Control. When set “LOW", the outputs are
muted.

19 CLKO Buffered Output of Oscillator. Equivalent to XTI.

20 XTO Oscillator Output. When using the internal clock, tie to

the opposite side (from pin 1) of the crystal oscillator.
When using an external clock, leave XTO open.

Operational Controls and Flags

7 ZERO Infinite Zero Detection Flag, open drain output. When
the input is continuously zero for 65,536 cycles of
BCKIN, ZERO is “LOW".

15 RSTB Resets DAC operation with an active “LOW” pulse.

Analog Output Functions oo

8 D/IC_R Right Channel Output Amplifier Common. Bypass to
ground with 10pF capacitor.

9 VourR Right Channel Analog Output. Vo1 max = 0.62 x Vg.

12 Vourk Left Channel Analog Output. Voyr max = 0.62 x V¢c.

13 D/C_L Left Channel Output Amplifier Common. Bypass to

ground with 10uF capacitor.

Power Supply Connections

2 DGND | Digital Ground.

3 Vpp Digital Power Supply (+5V or +3V).
10 AGND Analog Ground.

11 Vee Analog Power Supply (+5V or +3V).

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, Vg = +5V, R = 100Q, C, = 2pF, and Rgg = 402Q, unless otherwise noted.
DYNAMIC PERFORMANCE

THD+N vs Vg, Vpp

DYNAMIC RANGE vs INPUT DATA

fy = 1kHz, 384fs iy = 1kHz
-84 =30 100
-86 98 —
_ 6008 ) & 2R -
g c - T B ey
o -88 a4 B 3 o AR R
jrid 5 4f;
P T S 384fs
P-4 «© o
Z -9 z E 94
£ H/ -
=
-92 -38 92
0d8
-94 90
35 4.0 45 5.0 55 6.0 16-Bit 18-Bit
Veer Voo (V) Input Data
THD+N vs TEMPERATURE THD+N vs INPUT DATA
f, = 1kHz, 384fs f = 1kHz, FS (0dB)
-84 -30 -84
-86 _ —86
g g I}
o 88 -3+ B g s 2
= P-4
5 \ -60dB / : z a84is N~
| -
% -0 = T -9 -
2 g st =
= L o N -
-92 7 -38 -92 A— s e E
0dB 25615
-90 -94
-25 0 25 50 75 85 100 16-Bit 18-Bit
Temperature (°C) Input Data
g
o
DYNAMIC RANGE AND SNR vs Vge, Vop I
fiy = 1kHz, 384fs 7]
100
— — SNR B
. 2
o - o
g Dynamic E
= 94 Range
o
(=]
92 =2
90 -
35 4.0 45 5.0 55 6.0 <
Vee Voo t
o
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, Vg = +5V, R = 44.1kHz, fgys = 384fs, and 18-bit input data, unless otherwise noted.
DIGITAL FILTER

OVERALL FREQUENCY CHARACTERISTIC

0
—20
—40
: Ava
o
-60 lr [ N
-80
-100
0 0.4536fs 1.3605fs 2.2675fs 3.1745fs 4.0815fs
Frequency (Hz)
DE-EMPHASIS FREQUENCY RESPONSE (32kHz)
0 - T -
a . ~
k=2
°
5 - -
=0 |k - s - - -
-12 -
0 5k 10k 15k 20k 25k
Frequency (Hz)
DE-EMPHASIS FREQUENCY RESPONSE (44.1kHz)
0 T ] T "
T~ ! . Sl
e e
3 6 S R
g 8 |-
- _10 —
-12
4] 5k 10k 15k 20k 25k
Frequency (Hz)
DE-EMPHASIS FREQUENCY RESPONSE (48kHz)
0 N H i
— -2 |- e I B e S
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E, -8 |- :
_10 e — S S,
-12 >
0 Sk 10k 18k 20k 25K
Frequency (Hz)
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PASSBAND RIPPLE CHARACTERISTIC

0
-0.2
0.4

e \// \U /NN
-0.8
-1

0 0.1134fs 0.2268fs 0.3402fs 0.4535fs
Frequency (Hz)
DE-EMPHASIS ERROR (32kHz)

0 3628 7256 10884 14512
Frequency (Hz)
DE-EMPHASIS ERROR (44.1kHz)
0.6 T

04 |

0.6 : - .
0 4999.8375 9999.675 14999.5125 19999.35
Frequency (Hz)
DE-EMPHASIS ERROR (48kHz)
0.6 - -
0.4
0.2
0 f——m e
-0.2 :
0.4 |-
-0.6 - - -
0 5442 10884 16326 21768
Frequency (Hz)
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SYSTEM CLOCK

The system clock for PCM1718 must be either 256fs or
384fs, where fs is the audio sampling frequency (typically
32kHz, 44.1kHz, or 48kHz). The system clock is used to
operate the digital filter and the modulator.

The system clock can be either a crystal oscillator placed
between XTI (pin 1) and XTO (pin 20), or an external clock
input to XTL If an external system clock is used, XTO is
open (floating). Figure 1 illustrates the typical system clock
connections.

PCM1718 has a system clock detection circuit which auto-
matically senses if the system clock is operating at 256fs or
384fs. The system clock should be synchronized with LRCIN
(pin 4) clock. LRCIN (left-right clock) operates at the
sampling frequency fs. In the event these clocks are not
synchronized, PCM1718 can compensate for the phase dif-

ference internally. If the phase difference between left-right
and system clocks is greater than 6 bit clocks (BCKIN), the
synchronization is performed internally. While the synchro-
nization is processing, the analog output is forced to a DC
level at bipolar zero. The synchronization typically occurs in
less than 1 cycle of LRCIN.

DATA INTERFACE FORMATS

Digital audio data is interfaced to PCM1718 on pins 4, 5,
and 6—LRCIN (left-right clock), DIN (data input) and
BCKIN (bit clock). PCM1718 can accept both normal and
128 data formats. Normal data format is MSB first, two’s
complement, right-justified. 12S data is compatible with
Philips serial data protocol. Figures 3 and 4 illustrate the
input data formats.

i
Cy, Co =10 to 20pF PeMiTiaE
CRYSTAL RESONATOR CONNECTION

[ Internal System Clock

XTI
External Clock >——0——4

[ Internal System Clock

1
|
t
i
'
!

| XTO

PCM1718E

EXTERNAL CLOCK INPUT
XTO pin = No Connection

[ 1/256fs or 1/384fs

. I
---------- e\ - - - - - B4%OF Vpp
- S Wy --- 28%OF Vg

H 1, - ! 1

Vot ‘
External System Clock High txrin 10ns (min)
External System Clock Low txmiL 10ns (min)

FIGURE 2. External Clock Timing Requirements.
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FIGURE 1. Internal Clock Circuit Diagram and Oscillator Connection.

FUNCTIONAL CONTROLS

PCM1718 allows the user to control the input data format,
soft mute, and digital de-emphasis frequency. Table I illus-
trates the selectable functions:

DIGITAL AUDIO PRODUCTS—D/A E PCM1718E

FUNCTION CONTROL PIN
Data Input Format FORMAT (Pin 14)
Normal
128
De-emphasis DMO, DM1 (Pins 16, 17)
32kHz
44.1kHz
48kHz
Soft Mute MUTE (Pin 18)
Reset RSTB (Pin 15)
TABLE 1. Selectable Functions.
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1fls

Right-channel Data ——————»|

LRCIN (pin 4)

Audio Data Word = 18-Bit

sonne) [T [LILTF----LFLFALFLAL L UL LT - PP LU - A LT

________ MSB o LBl ________MsB o LSB
DN@ns) 16]17]18] 1 T2]8] [s]17 18] Lilz2]s]  [me]i7]ms
FIGURE 3. “Normal” Data Input Timing.
11ls

LRCIN (pin 4)

Left-channel Data

Right-channel Data ———————»

Audio Data Word = 16-Bit MSB

e o -
ek e[ [T M ML SUALALALE UL ey

LSB

1]2]s] [14]15]6]

DIN (pin 5)
Audio Data Word = 18-Bit MSB
DIN (pin 5) 1]2[3]

. _..MsB o s8]
11213 |14|15|16|7 - 1|2

OH ‘08
BCKIN Pulsewidth (High Level) tgcH
BCKIN Pulsewidth (Low Level) tacL
BCKIN Pulse Cycle Time tacy
BCKIN Rising Edge — LRCIN Edge taL
LRCIN Edge — BCKIN Rising Edge s
DIN Setup Time tos
DIN Hold Time tou

50ns (min)
50ns (min)
100ns (min)
30ns (min)
30ns (min)
30ns (min)
30ns (min)

FIGURE 5. Data Input Timing.
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Data Format

A “HIGH” on pin 14 (FORMAT) sets the input format to
125, and a “LOW” sets the format to Normal (MSB-first,
right-justified Sony format).

Soft Mute

A “LOW” on pin 18 (MUTE) causes both outputs to be
muted. This muting is done in the digital domain so there is
no audible “click” when the soft mute is enacted.

De-Emphasis

PCM1718 allows for digital de-emphasis for all three stan-
dard sampling frequencies:

DM1 (Pin 17) | DMO (Pin 16) | De-Emphasis Mode
0 0 OFF
0 1 48kHz
1 0 44.1kHz
1 1 32kHz

BURR - BROWN®
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Reset

PCM1718 has both internal power on reset circuit and the
RSTB-pin (pin 15) which accepts external forced reset by
RSTB = LOW. For internal power on reset, initialize (reset)
is done automatically at power on Vpp >2.2V (typ). During
internal reset = LOW, the output of the DAC is invalid and
the analog outputs are forced to V/2. Figure 6 illustrates
the timing of internal power on reset.

For the RSTB-pin, PSTB-pin accepts external forced reset by
RSTB = L. During RSTB = L, the output of the DAC is
invalid and the analog outputs are forced to Vo/2 after
internal initialize (1024 system clocks count after RSTB = H.)
Figure 7 illustrates the timing of RSTB-pin reset.

2.6V
VecVoo 2.2V
.18V

Internal Reset S B [

Reset Removal

-t

1024 system (= XTI) clocks

l.

xncnockl'_—ﬂﬂﬂﬂF ------------ ﬂﬂﬂﬂﬂﬂﬂ

FIGURE 6. Internal Power-On Reset Timing.

RSTB-pin { I | -

' Reset

Internal Reset I I |

(o o)
—
N~
-
FIGURE 7. RSTB-Pin Reset Timing. =
0.1pF ~ 10yF o
Bypass Capacitor
T 1 I +5V or +3 Analog Power Supply
= 2 3
10pF ~ 22pF DGND . Vpp F— FOUT = Inverted XTI (1 pin)
1]xT CLKO |19 to Other System
= g
20 | XTO Q
s
— 10pF ~ 22pF
Post o
VourR _?_. Low Pass [ [
. Filter o
—’Et: LRCIN D/IC_R| 8 "

PCM (optional) :
AudoData —={ 5 | o o (=]
Processor

——’E BCKIN ) o
+ 10uF . Post E
Format Control >——E{ FORMAT b/c_L E‘jr L°?up =
o
—{ 18 | MUTE Vouik | 12 (optional) E
17 | DM1 % 4.7kQ :
16 | DMo ZERO 3 To External Mute Circuit <L
15 | RSTB -1
AGND Vee <
Reset f

=
Lf L G
- 01F ~ 104F o

Bypass Capacitor

FIGURE 8. Typical Connection Diagram of PCM1718.
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POWER SUPPLY
CONNECTIONS

PCM1718 has two power supply connections: digital (Vpp)
and analog (Vo). Each connection also has a separate
ground. If the power supplies turn on at different times, there
is a possibility of a latch-up condition. To avoid this condi-
tion, it is recommended to have a common connection
between the digital and analog power supplies. If separate
supplies are used without a common connection, the delta
between the two supplies during ramp-up time must be less
than 0.6V.

An application circuit to avoid a latch-up condition is shown
in Figure 9.

Digital Analog
Power Supply Power Supply
i<
VDD VCC
DGND AGND
-+ .

FIGURE 9. Latch-up Prevention Circuit.

BYPASSING POWER SUPPLIES

The power supplies should be bypassed as close as possible
to the unit. Refer to Figure 8 for optimal values of bypass
capacitors.

THEORY OF OPERATION

The delta-sigma section of PCM1718 is based on a 5-level
amplitude quantizer and a 3rd-order noise shaper. This
section converts the oversampled input data to 5-level delta-
sigma format.

A block diagram of the 5-level delta-sigma modulator is
shown in Figure 10. This 5-level delta-sigma modulator has
the advantage of stability and clock jitter sensitivity over the
typical one-bit (2 level) delta-sigma modulator.

The combined oversampling rate of the delta-sigma modu-
lator and the internal 8-times interpolation filter is 48fs for
a 384fs system clock, and 64fs for a 256fs system clock. The
theoretical quantization noise performance of the 5-level
delta-sigma modulator is shown in Figure 11.

mutitovet, Ml

T Tl
1]

Delta Sigma

3rd-ORDER AZ MODULATOR

Gain (~dB)
1
(2]
o

0 5 10 15 20 25
Frequency (kHz)

FIGURE 11. Quantization Noise Spectrum.

' I
8fs - I/ T_
18-Bit

5-level Quantizer

Out
48fs (384fs)
64fs (256fs)

FIGURE 10. 5-Level AX Modulator Block Diagram.
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APPLICATION
CONSIDERATIONS

DELAY TIME

There is a finite delay time in delta-sigma converters. In A/D
converters, this is commonly referred to as latency. For a
delta-sigma D/A converter, delay time is determined by the
order number of the FIR filter stage, and the chosen sampling
rate. The following equation expresses the delay time of
PCM1718:

Tp =22.25 x 1/fs

For fs = 44.1kHz, Ty = 22.25/44.1kHz = 502.8us

Applications using data from a disc or tape source, such as
CD audio, CD-Interactive, Video CD, DAT, Minidisc, etc.,
generally are not affected by delay time. For some profes-
sional applications such as broadcast audio for studios, it is
important for total delay time to be less than 2ms.

OUTPUT FILTERING

For testing purposes all dynamic tests are done on the
PCM1718 using a 20kHz low pass filter. This filter limits
the measured bandwidth for THD+N, etc. to 20kHz. Failure
to use such a filter will result in higher THD+N and lower
SNR and Dynamic Range readings than are found in the
specifications. The low pass filter removes out of band
noise. Although it is not audible, it may affect dynamic
specification numbers.

The performance of the internal low pass filter from DC to
24kHz is shown in Figure 12. The higher frequency rolloff
of the filter is shown in Figure 13. If the user’s application
has the PCM1718 driving a wideband amplifier, it is recom-
mended to use an external low pass filter. A simple 3rd-
order filter is shown in Figure 14. For some applications, a
passive RC filter or 2nd-order filter may be adequate.

0.5

dB
(=)

INTERNAL ANALOG FILTER FREQUENCY RESPONSE

(20Hz~24kHz, Expanded Scale)

20

100 1k

Frequency (Hz)

10k 24k

FIGURE 12. Low Pass Filter Frequency Response.
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INTERNAL ANALOG FILTER FREQUENCY RESPONSE
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10

AN
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N\
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FIGURE 13. Low Pass Filter Frequency Response.
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Test Disk . ! Through -Shibasoku #725
Lch ‘

cD DEM- THD

[ . —
Player [Digna| O PCM1718] . T1thorder f’ Faa Meter
— ‘LPF

Rch

0dB/60dB 30KHz LPF on
For test of S/N ratio and Dynamic Range, A-filter ON.

FIGURE 15. Test Block Diagram.

TEST CONDITIONS

Figure 15 illustrates the actual test conditions applied to
PCM1718 in production. The 11th-order filter is necessary
in the production environment for the removal of noise
resulting from the relatively long physical distance between
the unit and the test analyzer. In most actual applications, the
3rd-order filter shown in Figure 14 is adequate. Under
normal conditions, THD+N typical performance is ~70dB
with a 30kHz low pass filter (shown here on the THD
meter), improving to ~89dB when the external 20kHz 11th-
order filter is used. For cost-sensitive applications, a single
RC filter, as shown in Figure 18, may be adequate.
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EVALUATION FIXTURES Clock Jitter (ps)

DEM-PCM1718 FIGURE 16. Simulation Results of Clock Jitter Sensitivity.
This evaluation fixture is primarily intended for quick evalu-
ation of the PCM1718’s performance. DEM-PCM1718 can
accept either an external clock or a user-installed crystal
oscillator. All of the functions can be controlled by on-board
switches. DEM-PCM1718 does not contain a receiver chip
or an external low pass filter. DEM-PCM1718 requires a
single +2.7V to +5V power supply. L, Mdps e !

OUT-OF-BAND NOISE CONSIDERATIONS L i

Delta-sigma DACs are by nature very sensitive to jitter on ! asts
the master clock. Phase noise on the clock will result in an
increase in noise, ultimately degrading dynamic range. It is S
difficult to quantify the effect of jitter due to problems in
synthesizing low levels of jitter. One of the reasons delta- FIGURE 17. Simulation Method for Clock Jitter.
sigma DACs are prone to jitter sensitivity is the large

quantization noise when the modulator can only achieve two .
discrete output levels (0 or 1). The multi-level delta-sigma

o

DAC has improved theoretical SNR because of multiple PCM1718 Output O YA l o

output states. This reduces sensitivity to jitter. Figure 16 1kQ
contrasts jitter sensitivity between a one-bit PWM type DAC 1800pF
and multi-level delta-sigma DAC. The data was derived I
using a simulator, where clock jitter could be completely o= gskHz
synthesized.

FIGURE 18. RC Output Filter. -
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BURR - BROWN®

PRELIMINARY INFORMATION
SUBJECT TO CHANGE
WITHOUT NOTICE

_Sowral, ... Stereo Audio
DIGITAL-TO-ANALOG CONVERTER
WITH PROGRAMMABLE PLL

FEATURES DESCRIPTION

® ACCEPTS 16-, 20-, OR 24-BIT INPUT DATA The PCM1721 is a complete low cost stereo audio
@ COMPLETE STEREO DAC: Includes Digital digital-to-analog converter (DAC) with a phase-locked
Filter and Output Amp loop (PLL) circuit included. The PLL derives either

. 256fs or 384fs system clock from an external 27MHz

® DYNAMIC RANGE: 94dB reference frequency. The DAC contains a 3rd-order AX

® MULTIPLE SAMPLING FREQUENCIES: modulator, a digital interpolation filter, and an analog
16kHz, 22.05kHz, 24kHz output amplifier. The PCM1721 can accept 16-, 20-, or
32kHz, 44.1kHz, 48kHz 24-bit input data in either normal or I2S formats.

64kHz, 88.2kHz, 96kHz The digital filter performs an 8X interpolation func-

©® PROGRAMMABLE PLL CIRCUIT: tion and includes selectable features such as soft mute,
256fs/384fs from 27MHz Master Clock digital attenuation and digital de-emphasis. The PLL
® NORMAL OR I2S DATA INPUT FORMATS can be programmed for sampling at standard digital

audio frequencies as well as one-half and double

@ SELECTABLE FUNCTIONS: sampling frequencies.

Soft Mute
Digital Attenuator (256 Steps) The PCM1721 is ideal for applications which combine
Digital De-emphasis compressed audio and video data such as DVD, DVD-

® OUTPUT MODE: Left, Right, Mono, Mute ROM, set-top boxes and MPEG sound cards.

BCKIN " b— Multi-level Vourk
: Serial Delta-Sigma DAC '~°l‘§’,;pass
LRCIN Input 1 WModuiator iiter
VF 8X Oversampling

DIN Digital Filter i__ CAP
with Function

l—-———» Controller || Mum-lgvel Lowonss VourR
Delta-Sigma DAC P
ML —  Modulator Filter

MC '
MD Mode —= ZERO
Control
WE ~—‘>-——BPZ-C0nt.
256fs/384fs Open Drain
RSTB ’
rl Clock/OSC Manager and PLL | I Power Supply I

SYSCKI XTI XTO MCKO MCKI SCKO  Vpp PGND Vgg AGND Vp, DGND

International Airport Industrial Park  «  Mailing Address: PO Box 11400 « Tucson, AZ85734 « Street Address: 6730 S. Tucson Blvd. + Tucson, AZ 85706
Tel: (520) 746-1111 « Twx:910-952-1111 . Cable:BBRCORP .« Telex:066-6491  FAX:(520)889-1510 .+ Immediate Product Info: (800) 548-6132
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BURR - BROWN®

PDS-1319 8.2.157



For Immediate Assistance, Contact Your Local Salesperson
SPECIFICATIONS

All specifications at +25°C, +Vg = +Vpp = +5V, {5 = 44.1kHz, and 16-bit input data, SYSCLK = 384fs, unless otherwise noted.

PCM1721
PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION 16 24 Bits
DATA FORMAT
Audio Data Format Standard/I?S
Data Bit Length ) 16/20/24
Selectable
Sampling Frequency (fs) Standard fs 32 441 48 kHz
One-half fs 16 22.05 24 kHz
Double . 64 88.2 96 kHz
Master Clock Input Frequency 27 MHz
Internal System Clock Frequency 2561s/384fs
DIGITAL INPUT/OUTPUT LOGIC LEVEL TTL
DYNAMIC PERFORMANCE() .
THD+N at fs (0dB) fs = 44.1kHz -85 dB
fs = 96kHz TBD dB
THD+N at —60dB fs = 44.1kHz -34 dB
fs = 96kHz T8D dB
Dynamic Range fs = 44.1kHz 94 dB
' fs = 96kHz TBD dB
Signal-to-Noise Ratio(? fs = 44.1kHz 98 dB
fs = 96kHz TBD . dB
Channel Separation fs = 44.1kHz 94 dB
fs = 96kHz TBD dB
DC ACCURACY .
Gain Error +1.0 % of FSR
Gain Miss-Match, Channel-to-Channel +1.0 % OF FSR
Gain Drift +50 ppm of FSR/°C
Bipolar Zero Error 20 mV
Bipolar Zero Drift . +20 ppm of FSR/°C
ANALOG OUTPUT .
Voltage Range 3.1 Vp-p
DIGITAL FILTER PERFORMANCE
Passband 0.445fs
Stopband 0.555fs
Passband Ripple +0.17 dB
Stopband Attenuation -35 " dB
Delay Time 22.25 1/fs
De-emphasis Error ‘ +0.55/-0.2 dB
ANALOG FILTER PERFORMANCE
Frequency Response 20 to 20kHz TBD . dB
20 to 40kHz TBD dB
POWER SUPPLY REQUIREMENTS
Voltage Range Voo, Vec 4.5 5 55 vDC
Supply Current: lgc Vee =5V . TBD
lop Vpp = 5V TBD
TEMPERATURE RANGE
Operation 25 +85 °C
Storage 58 +100 °C

NOTES: (1) Dynamic performance specs are tested with 20kHz low pass filter and THD+N specs are tested with 30kHz LPF, 400Hz HPF, Average-Mode. (2) SNR
is tested at Internal Infinity Zero Detection off.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes no
responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change without notice.
No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant any BURR-BROWN
product for use in life support devices and/or systems.

BURR - BROWN®
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PIN CONFIGURATION PIN ASSIGNMENTS
TOP VIEW SSoP PIN| NAME | TYPE | FUNCTION
1 MCKIN IN Master Clock Input. Under normal conditions,
—] this pin is connected to MCKO (pin 21).
MCKIN | 1 | E NC 2 SCKO | OUT [ System Clock Out. This output is 256fs or 384fs
| 1 system clock generated by the internal PLL.
SCKO ; 2=3 PGND 3 Vop PWR | PLL Power Supply (+5V)
Vop| 3 22 | DGND 4 SCKIN IN System Clock (256fs or 384fs) Input. Under
— — normal conditions, this pin is connected to SCKO
SCKIN | 4 | 121 | Voo (pin 24).
mekol s | 20 | xTO 5 | MCKO | OUT | Master Clock Output (27MHz)
= — 6 ML IN Latch for serial control data
ML ; 1=9 X 7 MC IN Clock for serial control data
Mmc| 7 18 | LRCIN 8 MD IN Data for serial control
1 1 9 RSTB IN Reset Input. When this pin is low, the digital
MD _8_ ﬂ_ DIN filters and modulators are held in reset.
ase| 9 | 16 | BCKIN 10 | ZERO | OUT | Zero Data Flag. This pin is low when the input
=== — data is continuously zero for mare than 65, 535
ZERO |10 15 | CAP cycles of BCKIN.
| 1 11 | VourR | OUT | Right Channel Analog Output
VaurR ; ; Vourl 12 | AGND | GND | Analog Ground
AGND |12 13 | Voo 13 Vee PWR | Analog Power Supply (+5V)
T | 14 | VourLl | OUT | Left Channel Analog Output
15 CAP Common pin for analog output amplifiers.
16 | BCKIN IN Bit clock for clocking in the audio data.
17 DIN IN Serial audio data input
PACKAGE INFORMATION 18 | LRCIN | IN | LefvRight Word Clock. Frequency is equal o fs.
PACKAGE DRAWING 19 XTI IN Crystal or Master Clock Input
MODEL PACKAGE NUMBER() 20 XTO OUT | System Clock Out. This output is either 256fs or
384fs and is generated by the internal PLL.
PCM1721 24-Pin SSOP 338 21| Voo | PWR | Analog Power Supply (+5V)
NOTE: (1) For detailed drawing and dimension table, please see end of data 22 | DGND | GND | Digital Ground
sheet, or Appendix C of Burr-Brown IC Data Book. 23 | PGND | GND | PLL Ground
24 NC No Connection

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage +6.5V
+Vgg to +Vpp Difference +0.1V
Input Logic Voltage ~0.3V to (Vpp + 0.3V)
Power Dissipation 200mwW
Operating Temperature Range .........ccceeveruniennenninennns —25°C to +85°C
Storage Temy -55°C to +125°C
Lead Temperature (soldering, 5s) +260°C
Thermal Resistance, 6,4 +70°C/W

BURR - BROWNG@
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Figure 1 illustrates the typical connection diagram and
shows the master clock from an external source (such as an
MPEG decoder) used as an external clock driving XTI,

leaving XTO open.

For Immediate Assistance, Contact Your Local Salesperson
TYPICAL CONNECTION DIAGRAM

MASTER CLOCK AND SYSTEM CLOCK

PCM1721 has a programmable internal PLL circuit. The
PLL is designed to accept a 27MHz master clock at the
XTI input and generate all internal system clocks required
to operate the digital filter and AX modulator, either at
256fs or 384fs. The master clock can be an external
27MHz frequency source directly connected to XTI, as
shown in Figure 1.

L

I} 0 +5V Analog
[23 122 J21 Ja

- PGND DGND Vpp Vpe
SERO P DIN Vourk O Lch Analog Out
Audio  gorg BCKIN CAP
Decoder 18
LRCKO ; LRCIN
SYSCKI ; SCKO v
256fs/384fs PLK [ SCKIN outR O Rch Analog Out
] PCM1721 10
E MCKIN ZERO
5 _{mcko
Master 19 ' 6
XTI ML STRB
SCR(™ PLL | 27MHz CLK OUT 7
or 20 |- MC SCKO  System
PCR Z{x10 MD =2 spo  Controller
9
RSTB PIO
AGND Vee

NOTE: (1) SCR: System Clock Reference
PCR: Program Clock Reference

12 13
+5V Analog

FIGURE 1. External Master Clock Input.

8.2:160
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Sampling Frequencies-LRCIN (kHz)

Standard Sampling Freq

Half of Standard Sampling Freq

Double of Standard Sampling Freq 64 88.2 96

16 22.05 24
32 44.1 48

PCM1721’s internal PLL can be programmed for nine
different sampling frequencies (LRCIN), as shown in Table
I. The internal sampling clocks generated by the various
programmed frequencies are shown in Table II.

TABLE I. Sampling Frequencies.

HALF OF STANDARD
SAMPLING FREQUENCY

STANDARD
SAMPLING FREQUENCY

DOUBLE OF STANDARD
SAMPLING FREQUENCY

256fs (kHz)

384fs (kHz)

256fs (kHz)

384fs (kHz) 256fs (kHz) 384fs (kHz)

INTERNAL
SYSTEM CLOCK
(MHz) 16

2205 24 16

2205 24 32 441

48 | 32 4441 48 64 88.2 96 64 882 96

4.096 [e)
5.6448
6.144

6.144
8.4672
9.216

8.192
11.2896
12.288

12.288
16.934
18.432

16.384
22,5792
24.576

24.576
33.8688
36.864

TABLE II. Sampling Frequencies vs Internal System Clock.

FUNCTION

DEFAULT MODE

Normal Format
12S Format

Input Audio Data Format Selection

Normal Format

16/20/24 Bits

Input Audio Data Bit Selection

16 Bits

Lch/Reh = High/Low
Lch/Rech = Low/High

Input LRCIN Polarity Selection

Lch/Reh = High/Low

Leh, Reh Individually
Lch, Rch Common

De-emphasis Control OFF
Soft Mute Control OFF
Attenuation Control 0dB

Lch, Rch Individually Fixed

Infinite Zero Detection Circuit Control OFF
DAC Operation Control Enabled
Sample Rate Selection
Internal System Clock Selection
256fs 384fs
384fs

PCM1721

SPECIAL FUNCTIONS

PCM1721 includes several special functions, including digi-

tal attenuation, digital de-emphasis, soft mute, data formatm
selection and input word resolution. These functions are

controlled using a three-wire interface. MD (pin 8) is used
for the program data, MC (pin 7) is used to clock in the
program data, and ML (pin 6) is used to latch in the program
data. Table III lists the selectable special functions.

Double Sampling Rate Selection
Standard Sampling Rate—44.1/48/32kHz
Double Sampling Rate—88.2/96/32kHz
Half Sampling Rate—22.05/24/16kHz
Sampling Frequency

Standard Sampling Rate

44.1kHz

44.1kHz Group
48kHz Group
32kHz Group
Analog Output Mode
L, R, Mono, Mute Stereo

TABLE III. Selectable Functions.

BURR - BROWN®
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ML (pin 6)

meen7) [ LU LrLrLr LS

MD (pin 8)

L

|B1s|Bt4[B13|B12|B11]B10| B9 | B8 | B7 | B | BS | B4 | B3 | B2 | B1]BEO |

FIGURE 2. Serial Interface Timing.

MAPPING OF PROGRAM REGISTERS

MODEO

MODE1

MODE2

MODE3

BI5 B4 B13 B2 Bt B0 B B8 B7 BS BS B4 B3 B2 Bl B0

[[res ] res | res [ res [ res [ At A0 [ oL [ A7 ] Ae [ As [ Ae [ A3 | A2 | ALt [ Ao |
[res T res [ res [ res [ res [ A1 A0 | LDR [ AR7 | AR6 | AR5 | AR4 [ AR3 | AR2 | AR1 [ ARO |
[ res | res | res [ res | res [ At A [ ps ] P2 Pt | peo ] wt [ wo | ope | pem [ mut |
[ res [ res [ res [ res | res | At A0 | 1zo [ sF1 | sFo [ DsRi [ Dsro| sys [ ATC | LRP [ 15 |

PROGRAM REGISTER BIT MAPPING

PCM1721’s special functions are controlled using four pro-
gram registers which are 16 bits long. These registers are all
loaded using MD. After the 16 data bits are clocked in, ML
is used to latch in the data to the appropriate register. Table
IV shows the complete mapping of the four registers and
Figure 2 illustrates the data input timing.

REGISTER BIT
NAME NAME DESCRIPTION
Register 0 AL (7:0) DAC Attenuation Data for Lch
LDL Attenuation Data Load Control for Lch
A (1:0) Register Address
res Reserved
Register 1 AR (7:0) DAC Attentuation Data for Rch
LbL Attenuation Data Load Control for Rch
A (1:0) Register Address
res Reserved
Register 2 MUT Left and Right DACs Soft Mute Control
DEM De-emphasis Control
OPE Left and Right DACs Operation Control
IW (1:0) Input Audio Data Bit Select
PL (3:0) Output Mode Select
A (1:0) Register Address
res Reserved
Register 3 12s Audio Data Format Select
LRP Polarity of LRCIN (pin 7) Select
ATC Attenuator Control
SYs System Clock Select
DSR (1:0) | Double Sampling Rate Select
SF (1:0) Sampling Rate Select
1ZD Infinite Zero Detection Circuit Control
A (1:0) Register Address
res Reserved

TABLE IV. Internal Register Mapping.

REGISTER 0

B15 B14B13 B12 B11B10 B B8 B7 B6 BS5 B4 B3 B2 BI BO
[res] res]res] res [ res[ a1 [0 ]LoL [ aL7]aLe]avs] aLa[aLd] a2 AL1[aLo]

Register 0 is used to control left channel attenuation. Bits
0 - 7 (ALO - AL7) are used to determine the attenuation
level. The level of attenuation is given by:

ATT = [20log10 (ATT_DATA/255)] dB

8.2.162.
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ATTENUATION DATA LOAD CONTROL, LCH

Bit 8 (LDL) is used to simultaneously set analog outputs of
Lch and Rch. An output level is controlled by AL[0:7]
attenuation data when this bit is set to 1. When set to 0, an
output level is not controlled and remains at the previous
attenuation level. A LDR bit in Register 1 has an equivalent
function as the LDL. When one of LDL or LDR is set to 1,
the output level of the left and right channel is simulta-
neously controlled. The attenuation level is given by:

ATT = 20log (y/256) (dB), where y = x, when 0 < x <254
y =x + 1, when x = 255

X is the user-determined step number, an integer value
between 0 and 255.

Example:
let x = 255
ATT = 2010g(255+ 1) =0dB
256
let x = 254
ATT =20 log(ﬂ) = —0.068dB
56
letx=1
ATT =20log( - | = ~48.16B
\4<J20 )/
letx =0
0
ATT =20log (———) = —oo
256
REGISTER 1

Bi5 B4 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bi B0
| res IresJ reereeres Lm ‘ioAlLDF‘!IAH7IAR6IAH51AR4IAR3|AR2’AR1IAROI

Register 1 is used to control right channel attenuation. As
in Register 1, bits 0 - 7 (ARO - AR7) control the level of
attenuation.

BURR - BROWN©®
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REGISTER 2

B15 B14 B13 B12 B11 810 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO

[ res] resres [ res] res] a1 a0 [pLa]Pre[pL[pLo 1] wo Jope[pemmute]

Register 2 is used to control soft mute, de-emphasis, opera-
tion enable, input resolution, and output format. Bit 0 is used
for soft mute: a “HIGH” level on bit 0 will cause the output
to be muted (this is ramped down in the digital domain, so
no “click” is audible). Bit 1 is used to control de-emphasis.
A “LOW” level on bit 1 disables de-emphasis, while a
“HIGH” level enables de-emphasis.

Bit 2, (OPE) is used for operational control. Table V illus-
trates the features controlled by OPE.

SOFTWARE MODE
DATA INPUT DAC OUTPUT INPUT
OPE = 1 Zero Forced to BPZ(1 Enabled
- Other Forced to BPZ(") Enabled
Zero Controlled by 1ZD Enabled
OPE=0 y
Other Normal Enabled

TABLE V. Output Enable (OPE) Function.

OPE controls the operation of the DAC: when OPE is
“LOW?”, the DAC will convert all non-zero input data. If the
input data is continuously zero for 65, 536 cycles of BCKIN,
the output will be forced to zero only if IZD is “HIGH”.
‘When OPE is “HIGH”, the output of the DAC will be forced
to bipolar zero, irrespective of any input data.

DATA INPUT DAC OUTPUT
Z 3
1ZD <1 ero Forced to BPZ(
Other Normal
Zero Zero®)
1ZD=0
Other Normal

TABLE VL. Infinite Zero Detection (IZD) Function.

SOFTWARE
MODE
DATA INPUT DAC OUTPUT INPUT
RSTB = *HIGH" Zero Controlled by OPE and 1ZD Enabled
Other Controlled by OPE and 12D Enabled
(1) i
RSTE < “LOW" Zero Forced to BPZ Dfsabled
Other Forced to BPZ(") Disabled

TABLE VIIL Reset (RSTB) Function.

NOTE: (1) AX is disconnected from output amplifier. (2) AX is connected to
output amplifier.

Bits 3 (IWO0) and 4 (IW1) are used to determine input word
resolution. PCM1721 can be set up for input word resolu-
tions of 16, 20, or 24 bits:

Bit 4 (IW1) | Bit 3 (IWO0) | Input Resolution
0 [} 16-bit Data Word
0 1 20-bit Data Word
1 4] 24-bit Data Word
0 0 Reserved

BURR - BROWN®
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Bits 5, 6, 7, and 8 (PLO0:3) are used to control output format.
The output of PCM1721 can be programmed for 16 different
states, as shown in Table VIII.

PLO | PL1 [ PL2 [ PL3 | Lch OUTPUT | Reh OUTPUT | NOTE
o]ofo]o MUTE MUTE MUTE
oo o1 MUTE R
o|of|1]o MUTE L
oo 11 MUTE (L + R)22
o1]lo]o R MUTE
o |1 |o]1 R R
o | 1] 1o R L REVERSE
o | 1t | 1|1 R (L+R)2
1 ]0f{ofo L MUTE
110 ] o0f1 L R STEREO
1o 1]o L L
1o 1|1 L (L +R)2
1 110} o0 (L +R)y2 MUTE
1 1] 0|1 (L +R)y2 R
1 111 ]o (L +R)y2 L
1 [ T (L+Ry2 (L +R)y2 MONO

TABLE VIII. Programmable Output Format.

REGISTER 3

B15B14 BI3B12B11 610 BY B8 B7 B6 BS5 B4 B3 B2 Bi BO
[res [ ves] res] res [ res [ a1] a0 [ 120 [sF1]sFo [osmipsmolsvs|atc]urp] s |

Register 3 is used to control input data format and polarity,
attenuation channel control, system clock frequency, sam-
pling frequency and infinite zero detection.

Bits 0 (I2S) and 1 (LRP) are used to control the input data
format. A “LOW” on bit 0 sets the format to “Normal”
(MSB-first, right-justified Japanese format) and a “HIGH”
sets the format to I2S (Philips serial data protocol). Bit 1
(LRP) is used to select the polarity of LRCIN (sample rate
clock). When bit 1 is “LOW?”, left channel data is assumed
when LRCIN is in a “HIGH” phase and right channe] datal
is assumed when LRCIN is in a “LOW” phase. When bit
1 is “HIGH”, the polarity assumption is reversed.

Bit 2 (ATC) is used for controlling the attenuator. When
bit 2 is “HIGH”, the attenuation data loaded in program
Register 0 is used for both left and right channels. When
bit 2 is “LOW?”, the attenuation data for each register is
applied separately to left and right channels.

Bit 3 (SYS) is the system clock selection. When bit 3 is
“LOW?”, the system clock frequency is set to 384fs. When
bit 3 is “HIGH”, the system clock frequency is set to 256fs.
Bits 4 (DSRO0) and 5 (DSR1) are used to control multiples
of the sampling rate:

DSR1 | DSRO Multiple
0 0 Normal 32/44.1/48kHz
0 1 Double 64/88.2/96kHz
1 0 One-half 16/22.05/24kHz
1 1 Reserved Not Defined

PCM1721
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Bits 6 (SFO) and 7 (SF1) are used to select the sampling

For Immediate Assistance, Contact Your Local Salesperson

frequency:
SF1 SFO Sampling Frequency
o | o 44.1kHz group 22.05/44.1/88:2kHz
0 1 48kHz group 24/48/96kHz
1 0 32kHz group 16/32/64kHz
1 1 Reserved Not Defined

Bit 8 is used to control the infinite zero detection function

(IZD).

8.2.164

‘When IZD is “LOW?”, the zero detect circuit is off. Under
this condition, no automatic muting will occur if the input
is continuously zero. When IZD is “HIGH”, the zero detect
feature is enabled. If the input data is continuously zero for
65, 536 cycles of BCKIN, the output will be immediately
forced to a bipolar zero state (Vc/2). The zero detection
feature is used to avoid noise which may occur when the
input is DC. When the output is forced to bipolar zero,
there may be an audible click. PCM1721 allows the zero
detect feature to be disabled so the user can implement an
external muting circuit.

BURR - BROWN®
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Appendix A

Demonstration Boards

Burr-Brown offers a wide variety of demonstration
boards for both its Linear and Mixed Signal Prod-
ucts. New boards for new products are continually
being added to the selection—contact the factory
your local salesperson for availability.

NOTE: All evaluation fixtures whose model num-
ber ends with a ‘C’ include the product or products
mentioned. All others do not include the product,
except where specifically noted.

DEMONSTRATION BOARDS

MODEL PRODUCT DESCRIPTION
DEM-ACF2101BP-C  ACF2101BP Evaluation Fixture with Programmable Timing Generator
DEM-ADS1210P-C ‘ADS1210P Evaluation Fixture—24-bit single channel A/D converter;
includes FFT Software and IBM PC Interface.
DEM-ADS1211P-C ADS1211P Evaluation Fixture—24-bit four channel A/D converter;
includes FFT Software and IBM PC Interface.
DEM-ADS7804/05C ADS7804/05 Evaluation Fixture—Analog Input and Digital Output
DEM-ADS7806/07C  ADS7806/07 Evaluation Fixture—Analog Input and Digital Output
DEM-ADS7808/09C  ADS7808/09 Evaluation Fixture—Analog Input and Digital Output
DEM-ADS7810/19C ~ ADS7810/19 Evaluation Fixture—Analog Input and Digital Output
DEM-ADS7833 ADS7833 Evaluation Fixture—12-bit data acquisition system; board
includes LCD display, microcontroller and reconstruction
DAC.
DEM-ADS800U ADS800U Evaluation Fixture—12-bit, 40MHz ADC, AC-and DC-
: coupled inputs, on-board clock, bus driver, SMA connectors.
DEM-ADS801U ADS801U Evaluation Fixture—12-bit, 25MHz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors.
DEM-ADS802U ADS802U Evaluation Fixture—12-bit, 10MHz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors.m
DEM-ADS820U ADS820U Evaluation Fixture—10-bit, 20MHz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors.
DEM-ADS821U ADS821U Evaluation Fixture—10-bit, 40MHz ADC, AC- and DC-
coupled inputs, on-board clock, bus driver, SMA connectors.
DEM-BUF600-1GC BUF600AP Evaluation Fixture—900MHz Buffer Amplifier
DEM-BUF601-1GC BUF601AP Evaluation Fixture—650MHz Buffer Amplifier
DEM-DAC650J-E DAC650JL Evaluation Fixture—Digital Input and Analog Output (all
SMA connectors). The part is included and soldered to
the board.
DEM-DDC101P-C DDC101P Evaluation Fixture,— includes the DDC101 board, inter-
face board to connect to parallel PC-port and software.
Supports all DDC101 options plus FFT. A
DEM-MPC100-1GC MPC100AU Evaluation Fixture—4 to 1 High Speed Multiplexer and

BURR - BROWN®
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MODEL

PRODUCT

DESCRIPTION

DEM-MPC102-1GC
DEM-OPA465xP

DEM-OPA465xU

DEM-OPA622-1GC
DEM-OPA623-1GC
DEM-OPAB28AP-C
DEM-OPA628AU-C

DEM-OPAG4XP-Y

DEM-OPAG64XU-Y

DEM-OPA65XP
- DEM-OPA65XU
DEM-OPA265XP
DEM-OPA265XU

DEM-OPAB60-XXX

DEM-OPA2662-1GC

A2

MPC102AU
OPA465xP

OPA465xU

OPA622AP
OPAG623AP
OPAG628AP
OPA628AU

OPA64XP

OPAB4XU

‘OPAG5XP
OPA65XU

OPA265XP

OPA265XU

OPA660

OPA2662

Evaluation Fixture—Dual 2 to 1 High Speed Multiplexer
and optional output buffer, BUF601AU.

Evaluation Fixture—Unpopulated board for quad High
Speed op amp OPA465x in DIP package.

Evaluation Fixture—Unpopulated board for quad High
Speed op amp OPA465x in SOIC package.

Evaluation Fixture—For voltage and current feedback
configuration.

Evaluation Fixture—High Speed current feedback Op
Amp.

Evaluation Fixture—User selectable configuration for the
DIP package.

Evaluation Fixture-User selectable configuration for the
SOIC package.

Evaluation Fixture—Three boards are offered for the DIP
package of the OPA64X series of operational amplifiers.
DEM-OPAG64XP-F: follower configuration; DEM-
OPAB4XP-N: noninverting configuration; DEM-OPA64XP-
I: inverting configuration. (Note: each board will operate
with any OPA64XP series op amp. No component is
included—it must be ordered separately.)

Evaluation Fixture—Three boards are offered for the
SOIC package of the OPA64X series of operational
amplifiers. DEM-OPA64XU-F: follower configuration; DEM-
OPAB4XU-N: noninverting configuration; DEM-OPA64XU-
N: noninverting configuration; DEM-OPA64XU-I: invert-
ing configuration. (Note: each board will operate with any
OPA64XU series op amp. No component is included—it
must be ordered separately.)

Evaluation Fixture—One board for OPA65X single op
amps for the DIP package.

Evaluation Fixture—One board for OPAB5X single op
amps for the SOIC package.

Evaluation Fixiure—One board for OPA265X dual op
amps for the DIP package. '

Evaluation Fixture—One board for OPA265X dual op
amps for the SOIC package.

Evaluation Fixture—Five boards are offered for five differ-
ent configurations. DEM-OPA660-1GC: Diamond transis-
tor and buffer; DEM-OPA660-2GC: Current-feedback
operational amplifier; DEM-OPA660-3GC: Direct-feed-
back amplifier; DEM-OPA660-4G: Layouts for all applica-
tions using SOIC (unassembled); DEM-OPA660-5G: Lay-
outs for all applications using DIP packages (unassembled)

Evaluation Fixture—High speed voltage controlled cur-
rent source. ’

BURR - BROWN©®
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MODEL

PRODUCT

DESCRIPTION

DEM-PCM1700P-C

DEM-PCM1702

DEM-PCM1710

DEM-DAI1710

DEM-PCM1712
DEM-PCM1715

DEM-PCM1717
DEM-PCM1717-1

DEM-DAI1717

DEM-PCM1750P-C

DEM-PCM1760

DEM-PCM63P-C
DEM-PCM67P-C

DEMPCM78P-C

DEM-SHC605AU

DEM-VCA610AP-C

BURR - BROWN®
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PCM1700

PCM1702

PCM1710U

PCM1710U

PCM1712U
PCM1715U

PCM1717
PCM1717

PCM1717

PCM1750

PCM1760/DF1760

PCM63P
PCM67P

PCM78P

SHCE805AU

VCAGB10AP

Evaluation Fixture—Serial/SPDIF Inputs (formerly DEM-
1143). Includes product.

Evaluation Fixture—Serial digital input, 8X digital interpo-
lator (NPC5842), and analog output. A PCM1702P is
included. The board will interface directly to the DEM-
1760. The fixture does not accept SPDIF input.

Evaluation Fixture—Serial Digital Audio In. Left and Right
channel analog out.

Evaluation Fixture—Includes Digital Audio Interface (DAI)
receiver chip and dual 2nd-order lowpass output filters.

Evaluation Fixture—Low cost version of PCM1710.

Evaluation Fixture—Serial digital audio in. Left and right
channel analog out,

Evaluation Fixture—For the 16-/18-bit PCM1717

Evaluation Fixture—For the 16-/18-bit PMC1717; includes
PC interface and control software.

Evaluation Fixture—For the 16-/18-bit PCM1717; includes
Digital Audio Interface, PC interface and control software.

Evaluation Fixture—Serial/Parallel Output, SPDF Out (For-
merly DEM 1133). Includes product.

Evaluation Fixture—Analog input and serial digital output.
A PCM1760P and DF1760P are included. The board will
interface directly to the DEM-1702. The fixture does not
provide SPDIF output.

Evaluation Fixture—Includes Dual PCM63s, SPDIF Input

Evaluation Fixture—Includes Dual PCM67s (single/dual
supply operation), SPDIF Input.

Evaluation Fixture—Analog Input, Parallel Data Output.
Includes SHC5320 sample hold and PCM56 as a recon-|
struction ADC (formerly DEM-1122).

Evaluation Fixture—Analog input, digital control input,
and sample/hold output (all SMA connectors). A
SHC605AU is included and is soldered to the board.

Evaluation Fixture—Voltage Controlled Amplifier.

A3
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Appendix B

Tape and Reel Information

The listed surface mount packages are available spooled on embossed carrier tape and reel, meeting
EIA481-A requirements. Package numbers can be found in 1nd1v1dual product data sheet. Package
drawings can be found in Appendix C.

TAPE WIDTH, W PITCH, P REEL DIAMETER
PACKAGE NUMBER( DESCRIPTION {mm) (mm) DEVICES PER REEL (mm)

178 SO-24 24 16 1000 360
182 S0-8 12 8 2500 360
211 SOL-16 16 12 1000 360
217 SO-28 24 12 1000 360
219 SOL-18 24 16 1000 360
221 S0-20 24 12 1000 360
235 SO-14 16 8 2500 360
239 SO-24 24 12 1000 360
248 S0-20 24 12 1000 360
311 SOT-223 12 8 2500 360
322 SSOP-16 12 8 2500 360
250 178

324 SSOP-28 24 12 1000 360
325 5-Lead DD Pak 24 16 1000 360
328 7-Lead DD Pak 24 16 1000 360
331 SOT23-5 8 4 360
) 3000 178

250 178

332 SOT23-6 8 4 3000 178
250 178

333 SSOP-48 32 16 1000 360
334 SSOP-20 32 16 1000 360
337 MSOP-8 12 8 2500 360
250 178

NOTE: (1) Package numbers can be found in individual product data sheet in the “Package Information” table. Package drawings are in Appendix C.

TABLE L.
SOIC Devices Typical
— ! ] ! ! ! ] | l
®_®—®—®—@ @ ©—0
| | | | | |
O
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—
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1 2 )
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User Direction of Feed
FIGURE 1.
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SOT-223 Devices
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FIGURE 2.
— le— T
40mm (1.575) min
Access Hole at
Slot Location
B(1) —»]
A c | T
Tape Slotin
_ Core for Tape Start.
2.5mm (0.098) min Width
10mm (0.394) min Depth
— |~— G (Measured at Hub)
NOTE: (1) Drive spokes optional. Noted dimensions apply if used.
FIGURE 3.
TAPE SIZE A MAX B MAX [o] D MIN N MIN G T MAX
12mm 330mm 1.5mm 13.0 £0.20mm 20.2mm 50mm 124 + 1.0 18.4mm
(=0.0mm)
16mm 360mm 1.5mm 13.0 £0.20mm 20.2mm 50mm 16.4 + 1.0 22.4mm
(-0.08mm)
24mm 360mm 1.5mm 13.0 £0.20mm 20.2mm 50mm 244 +1.0 30.4mm
(~0.00mm)
TABLEII.

BURR - BROWN©®
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Appendix C

Package Drawings (Mechanicals)

Package Number 001 - Metal TO-89

By
i K

2 |
e

D

N N
INCHES MILUMETERS | g INCHES MILLIMETERS NOTES:
sl s e e i T T T AT
A_|.335 | .380 | 8.51 | 9.65 1. LEADS IN TRUE POSITION
8 | 305 | 335 | 7.75 | 8.51 WITHIN 010" (.25mm) R @
C |.165 | 185 4.19 [ 4.70 MMC AT SEATING PLANE.
D | 016 | .021] 041|053
2. PIN NUMBERS SHOWN FOR
£ 1:010 1.040 1 0.25 | 1.02 REFERENCE ONLY. NUMBERS
F_1.010 | 040 0.25 | 1.02 MAY NOT BE MARKED ON
G | 200 BASIC | 5.08 BASIC PACKAGE.
[H ] 034 ] 0.71]0.86
[ 029 [ 045 [0.74 | 1.14
K [500 | —= [12.7 | —=
T [110 [ .160 | 2.79 | 4.06
M | 45 BASIC | 45 BASIC
N [.095 [ .105] 2.41 [2.67 j PACKAGE NUMBER: 22001 REV.
[ I JEDEC_NUMBER: ___UNKNOWN

Package Number 008 - 8-Pin Plastic, Single-Wide DIP

INDEX: €1
AREA

PACKAGE DRAWINGS (Mechanicals)

1 4
E
A2
BASE
PLANE A
Ecd
SEATING ~= | |
PLANE L o
Al
D1
1/2 LEAD = ‘ oC ! c
4 PL b3
4 PL eB
b [bo10 (:25) Bc]
INCHES wmiLumeTers | § INCHES MILUMETERS NOTES: 8. POINTED OR ROUNDED LEAD TIPS ARE
OM [N, | wax. | wi. | max. 1’ LU mvm W] A 1. ALL DIMENSIONS ARE IN INCHES. PREFERRED TO EASE INSERTION.
1 - - - = y - 2. DIMENSIONING AND TOLERANCING PER 9. b2 AND b3 MAXIMUM DIMENSIONS DO
Al-- T210] - [s33]sllec] .0on] .060] 0.00] 152 {6] “ ansi v14.5M—1982. NOT INCLUDE DAMBAR PROTRUSIONS.
arfos]—— Toas|—— Js[u] 1151 150] 2.02[ 3813} 3. oMENSIONS A, AT, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2 | 1151 1951 292 | 4.95 N 7|~ MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b 014 | .022 | 0.36 | 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
= = = > 4. D, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS T0 BE
b2 | .0451.0701 1141178 |9 INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM.
b3] .030].045/076]1.1419 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
cl.008].014l020]036 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED AREA.
D | .355] .400 [ 9.02 [10.16 |4 5. E AND eA MEASURED WITH THE LEADS 12. FOR AUTOMATIC INSERTION, ANY
Di].gos| == Joi13[ -~ T4 CONSTRAINED TO BE PERPENDICULAR RAISED IRREGULARITY ON THE TOP
= TO DATUM B SURFACE (STEP, MESA, ETC.) SHALL
E 300 | .325| 7.62 | 8.26 |5 6. eB AND eC ARE MEASURED AT THE BE SYMMETRICAL ABOUT THE LATERAL
E1].240] 280 6.10 [ 7.11 |4 LEAD TIPS WITH THE LEADS AND_LONGITUDINAL PACKAGE
e |.100 Basic | 2.54 Basic UNCO! . CENTERLINES.
A | 300 BASIC | 7.63 BASIC |5 7. Ft‘os'ﬁl‘;:g MAXIMUM OF TERMINAL PACKAGE_NUMBER: 22006 [REV: E
el - 1 430l —— Tioogole - JEDEC_NUMBER: ___MS—007-BA

Burr-Brown IC Data Book—Mixed Signal Products C.l
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Package Number 007 - TO-100 Package
A~
l—- B -—I FC
{E ' '
! )
SEATING
PLANE K
oM INCHES MILLIMETERS IN oM INCHES MILLIMETERS g m
MIN. MAX. MIN. MAX. E MIN. MAX. MIN. MAX.
A |.335 | .370 | 8.51 | 9.40 1. LEADS IN TRUE POSITION WITHIN
B [.305 | 335 7.75 | 8.51 010" (0.25mm) R @ MMC
C|.165 | .185| 4.19 | 4.70 AT SEATING PLANE.
D 1.016 | 021041} 053 2. PIN NUMBERS SHOWN FOR
£].010 | 040[ 02571 1.02 REFERENGCE ONLY.
F1.010 | .040]0.25] 1.02 NUMBERS MAY NOT BE MARKED
6 | .230 BASIC| 5.84 BASIC ON PACKAGE.
1 [.028 | .034 ] 0.71 | 0.86
) [.029 [045] 074 [ 114
K |.500 [ ——[1270] ——
L |.120 | 160 ] 3.05 | 4.06
M| 36 BASIC| 36" BASIC :
N |.110 [ 120279 [ 3.05 PACKAGE_NUMBER: 72007 REV.. A
I JEDEC_NUMBER: ___UNKNOWN
s —
Package Number 010 - 14-Pin Plastic, Single-Wide DIP
i D |
|_'14 8 l
Phoy Y fhy Ty Yy L i
INDEX Et
AREA i
ErL AT LR
7
E-
bz——‘ r—— r A2
[
ot o \ !
PLANE | N
SEATING = (= ——-{—L | b
PLA | |
NE AL i |
U [}
D1 —————w L—I = cC»t~ -=—L—.c
FULL LEAD I I
s R b =—[Bloto(25) @]c] l‘_ee-’l
om INCHES MILLIMETERS § om INCHES MILLIMETERS ? NOTES: 8. :»%gggzgR1§ozlistDEEDle'éQ‘r)nonps ARE
1. ALL DIMENSIONS ARE IN INCHES. [ N.
MIN | MAX. | MIN. | MAX. M. = MAX_| T |MAX‘ 2. DIMENSIONING AND TOLERANCING PER 9. b2 MAXIMUM DIMENSION DOES
Al -- 210) == 153331 L | 115] .150]2.92 | 3.81 {3 | ™ Ans) v14.5M—1982. : NOT INCLUDE DAMBAR PROTRUSIONS.
AMl.015) —— 1038 -~ [3}IN 14 14 7| 3. DIMENSIONS A, Al, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A21.115] 1951292 | 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b 1014 ] 0221 0.36 ] 0.56 IN JEDEC SEATING PLANE GAUGE GS—3. 10. DISTANCE BETWEEN LEADS INCLUDING
- < 4.0, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE
02 1.045 1 0701 114 11.78 {9 INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM.
c |.008] 014]020]0.36 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
0 [ 735 | 77518671969 [4 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED
D1].005] —= |013[ -- |4 5. E AND eA MEASURED WITH THE LEADS AREA.
£ | .300 | 325 7.62 | 8.26 |5 CONSTRAINED _TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY
- - - 3 T0 DATUM [=C-J. 8 RAISED IRREGULARITY ON THE TOP
E1}.2401 .28016.10 1 7.11 14 6. eB AND eC ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL
e |.100 BASIC | 2.54 BASIH LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL
oA | 300 BASIC | 7.65 BASIC |5 UNCONSTRAINED. AND LONGITUDINAL PACKAGE CENTERLINES.
eB| - | .430] - [10.92[6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: 22010 [REV: G
ec 1000 | osol 0001 15216 PoSmons. JEDEC_NUMBER.__MS—001_AA

C BURR-BR(
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Package Number 107 - 14-Pin |<—— A —-—1

B

il

DENOTES PIN 1

o | INCHES MILLMETERS | § o | NCHES wiLmerers | § | NOTES:
T v | Lo | & MN. | MAX. | MIN. | MAX. 1. LEADS IN TRUE POSITION WITHIN
A | .860| 880 [21.84{22.35 010" (.25mm) R @ MMC AT
B | .490] 510 [12.45[12,95 SEATING PLANE.
C | 170l 250 4321 6.35
D | .016] .021] 0.41] 0.53 2. PIN NUMBERS SHOWN FOR
G | 100 BASIC | 2.54 BASIC REFERENCE ONLY. NUMBERS MAY
W1 115] 155 292] .04 NOT BE MARKED ON THE PACKAGE.
K | .150] 300 3.81] 7.62
L | .300 BASIC | 7.62 BASIC
R | .080] .120 2.03] 3.05
PACKAGE_NUMBER: 27107 [REV.: A
JEDEC_NUMBER: __UNKNOWN
Package Number 113 - 24-Pin A
]
)
DENOTES
PIN 1
Tr—— ——
« T I
| D L
N - N .
o INCHES MILLIMETERS g oM INCHES MILLIMETERS g NOTES:
MIN. MAX. MIN. MAX. MIN. MAX, MIN. MAX.
A _|1.365[1.385)34.67]35.18 1. LEADS IN TRUE POSITION WITHIN
B | .790] .810 [20.07[20.57 010" (.25mm) R @ MMC AT
Cc | .170] .250] 4.32] 6.35 SEATING PLANE.
D | .016] 0211 0.41] 055 2. PIN NUMBERS SHOWN FOR
G | .100 BASIC | 2.54 BASIC : REFERENCE ONLY. NUMBERS
H | .125].150] 3.18] 3.81 MAY NOT BE MARKED ON THE
K | 150 [ .300 [ 3.81[ 7.62 PACKAGE.
L | .600 BASIC |15.24 BASIC
R | .0BO| .110 | 2.03] 2.79
PACKAGE NUMBER: 27113 [REV. A
JEDEC_NUMBER: ___UNKNOWN
: Ne
Burr-Brown IC Data Book—Mixed Signal Products C3
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ﬂ———A——-‘

Package Number 116 - 32-Pin DIP

],
- DENOTES PIN 1

!
i

;c——ll—— D~ | E—

PIN NUMBERS SHOWN FOR REFERENCE ONLY.
NUMBERS MAY NOT BE MARKED ON PACKAGE.

om INCHES MILLIMETERS § o INCHES MILLIMETERS ? NOTES:
MIN. MAX. MIN. MAX, MIN." MAX. MIN. MAX.
A [1.720]1.760[ 43.69]44.70 1. I(.)EA(\)QS(%TRU)E Rchm%r\é WI_;_I’HIN
B |1.120[1.160[28.45[29.46 Aol -25mm MMC A
c|.170] .250] 4.32 [ 6.35 SEATING PLANE.
D [ .016] .021] 0.41]0.53
G | .100 BASIC| 2.54 BASIC
H [ .100] .140[2.54 [ 3.56
K ].150] .300] 3.81 [7.62
L | .900 BASIC | 22.86 BASIC
R{.100] .140] 254 ] 3.56
PACKAGE NUMBER: 72116 |REV. A
JEDEC NUMBER: UNKNOWN ’
Package Number 126 - 28-Pin CERDIP
B “ ]
28 15
) B
o 14
DENOTES
PIN 1
—— N €
[ [ ——
L1 ] 1
l I\
| PEETTTRIT —— Wi
J M
| | I -
H o |- . —o{ |0 LSEATING PLANE
om INCHES MILLIMETERS g om INCHES MILLIMETERS %‘ NOTES:
MIN. MAX. MIN. MAX. MIN, MAX. MIN. MAX.
A [1.360]1.470[34.54 [37.34 1. LEADS IN TRUE POSITION WITHIN
B | .500] .550{12.70{13.97 .010" (.25mm) R @ MMC
c ] - | 200l —- |s08 AT SEATING PLANE.
D | .015] 02110.38 1053 2. PIN_NUMBERS SHOWN FOR
F | .030] .07010.76 | 1.78 REFERENCE ONLY. NUMBERS MAY
G | .100 BASIC | 2.54 BASIC NOT BE MARKED ON PACKAGE.
H | .030] .095]0.76 [ 2.41 i
J [ .007] 013]0.18 [0.33
K | .100] —— [2.54 [-—
L | .600 BASIC [15.24 BASIC
M| -- [ 15 |-—= [15
N

020 .080{0.51 | 2.29

PACKAGE NUMBER: 272126 [REV.. B

JEDEC NUMBER: UNKNOWN
— — o

URR
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Package Number 120 - 16-Lead CERDIP, .300 Wide

FA-ly

o
N
16 9
I A L L | 1
INDEX — €1
AREA
TR ]
1 5 kB8l
b3
b2 —m]| b A2
I I
BASE b A
PLANE
SEATING —=1 ‘ ‘ =
PLANE : L
I { Al
g JL I
E b c
[ 4030 (1.02)@[c[AOEB)]
Floto(25) ]c
N N1 NOTES:
INCHES MILLIMETERS INCHES MILLIMETERS —_—
o0 [T v o] ¢ || [ T o [ T | £ | 1. CONTROLLNG DIMENSIONS: INCH. T P ke PRECERRED 10 Eas
Al - — —_ — 2. DIMENSIONING AND TOLERANCING
- 230 584] | ec | 000 000] —= |5 IMENSIONING AND TOLE] INSERTION.
Al o] --loza| —- L 100 == [28a [ —= 5 R g2 CLUDE 8. FOR AUTOMATIC INSERTION, ANY
Azl 1a0 ] asol 356 as7] Hn 16 1 5 ALLOWANCE FOR GLASS OVERRUN e (ven e re s ToP
b |.015| .023[ 038 058(9 AND_MENISCUS, AND LID TO p . ETC.
AND MENSCLS, SHALL BE SYMMETRICAL ABOUT
b2 [ 045 .070] 1.14] 178 o OIS MISATCH, o eD wiTH THE THE LATERAL AND LONGITUDINAL
b3] .035 TYP_| 0.89 TvP © EJND eh MEASURED Wil PACKAGE CENTERLINES.
D |.753] .885119.13122.48|3 5. eB AND eC ARE MEASURED AT THE COATING OR PLATING ON THE
51 005 —= 1013 —= THE LEAD TIPS WITH THE LEADS LEADS.
E | .300 | 325 7.62 | 8254 UNCONSTRAINED. <C MUST BE 10. A VISUAL INDEX FEATURE MUST
E1].280] 2051 7.1 7.5043 5. NS THE WA NUMBER OF BATCheD Apen T THE CROSS=
e | 100 BASIC | 2.54 BASIC TERMINAL POSITIONS. .
A | .300 BASIC | 7.62 BASIC |4 PACKAGE NUMBER: 77120 |REV. D
lep ] —— T .50l —— [11.43[8 JEDEC _NUMBER: __NONE

Package Number 149 - 28-Lead Side Braze DIP, .600 Wide

| D
N
28 15

AN N N s W Y N N s N Y« Y < Y 1 WY N1

RV VA VAR VA VA VA T (A VA VA VA VA T
14

PACKAGE DRAWINGS (Mechanicals)

- N N | NOTES:
INCHES MILLIMETERS INCHES MILLIMETERS _—
om MiIN. MAX MiIN. MAX. f o MiIN. MAX MIN| MAX. 'z 5. OUTLINES ON WHICH THE SEATING
A : ; y . T e 1. DIMENSIONING AND TOLERANCING PLANE 1S COINCIDENT WITH THE
4 Aggg ,105;% (251? :,gg ol o 15 ] o 115 [3)" 5er ANS! Y14.5-1973. PLANE (A1 = 0), TERMINALS
. . ). . LEAD STANDOFFS ARE NOT
5 [ 015] 023] 038 058]5 2. LEADS WITHIN .005 IN. (0.13mm

REQUIRED, AND B1 MAY EQUAL B
ALONG ANY PART OF THE LEAD

RADIUS OF TRUE POSITION (TP)

811 0381 0601 097 1.52 AT GAUGE PLANE WITH MAXIMUM

o

c [ .008] .012] 0.20] 0.30 : MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.

D |1.380]1.430 | 35.05[36.32 INSTALLED. 6. £1 DOES NOT INCLUDE PARTICLES
E | .595] .62515.11]15.88 5. o APPLIES TO SPREAD LEADS OF PACKING MATERIALS.

E1].580] .610114.75[15.4916 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
el1.100 TvP. L 2.54 TP, 12 4. N IS THE NUMBER OF TERMINAL

eA | 600 TYP. | 15.24 TvP. |2 - £ 8. A VISUAL INDEX FEATURE MUST

L 125 1750 3.18] 4.45 POSITIONS. BE LOCATED WITHIN THE CROSS—

N 28 28 7 HATCHED AREA.

Q1] .010] -— [0.25] —— PACKAGE_NUMBER: 72149 [REV.. . C
S 1.030] 065] 0.76] 1,65 JEDEC_NUMBER: __MO-038-AB

BURR-BRO ®©

Burr-Brown IC Data Book—Mixed Signal Products C5



For Immediate Assistance, Contact Your Local Salesperson

Package Number 163 - 14-Lead CERDIP, .300 Wide
Ea-ly

1

b3 S .
52 —=|| [l=— ) A2
BASE

e L LUL
PLANE L
Ll I Al J
D1-~e {
B ——ILb eC tm c
$.o4o(1.02)
l010(25) @]

eB
N _ N| NOTES:
INCHES MILLIMETERS INCHES MILLIMETERS —_—
o0 T T Toawe ] || [im. s e T 1| 1. CONTROLLNG DIMENSIONS: INCH. 7 RS AR PREPERRED. 10, EASE
2. DIMENSIONING AND TOLERANCING
Al —— | 230] -— | 584 |lec].000] == Jo00] == [5 B A e, INSERTION.
Al o5 - Vosgl —— Loof -— 1 2se] - 3. D AND E1 DIMENSIONS INCLUDE B R Rt ULARIE TN, MY 0P
A2| 140 .180] 3.56] 4.57 N 4 14 6 ALLOWANCE FOR GLASS OVERRUN e e
5 5 AND MENISCUS, AND LID TO SURFACE (STEP, MESA, ETC.)
b | .015] 0231 0.381 0.58 19 BASE MISMATCH SHALL BE SYMMETRICAL ABOUT
b2 | .045] .070] 1.14] 1.78 o O AT URED WITH THE THE LATERAL AND LONGITUDINAL
03| .035 P | 0.89 TYP D R T PACKAGE CENTERLINES.
c 008 .015[ 0.20] 038 [0 PERPENDICULAR TO PLANE C. O O D
D | .753] .767]19.13119.4813 5. eB AND eC ARE MEASURED AT THE COATING OR PLATING ON THE
D1].005] —— | 013 ] —= THE LEAD TIPS WITH THE LEADS LEADS.
£ 3001 3251 762 152614 g UNCONSTRAINED. oC. MUST BE 10. A VISUAL INDEX FEATURE MUST
E1].280] 2951 7.111 75013 6. N IS THE MAXIMUM NUMBER OF BATCHED Aen T THE CROSS-
e | 100 BASIC| 2.54 BASIC TERMINAL POSITIONS.
eA | 300 BASIC| 7.62 BASIC [4 PACKAGE NUMBER: 72165 |REV.. . C
—— [ 450l == 114305 JEDEC NUMBER: NONE

Package Number 165 - 24-Lead Side Braze DIP, .600 Wide

D
N
24 13
AN AN A A AN N A AN

!
|

o
= ol
T .7

ow | NeHes MILLIMETERS ? ow |_eHES MILLIMETERS 'i NOTES: 5. OUTLINES ON WHICH THE SEATING
MIN._| MAX. | MIN. | MAX. MIN._| MAX. | MIN. | MAX, . DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE

A ] .085] .190] 2.16] 4.83 o] O |15 o 15 |3 PER ANSI Y14.5-1973 PLANE (A1 = 0), TERMINALS

A1].020] 070 0.51] 1.78 LEAD STANDOFFS ARE NOT

5 015 023 038 055]5 2. LEADS "(V)';H}ﬁug"go'g“ﬁéﬁ"(%m) REQUIRED, AND B1 MAY EQUAL B

B1].038 | .080] 0.97] 1.52]5 AT GAUGE PLANE WITH MAXIMUM ALONG ANY PART OF THE LEAD

T oo 0121 0201 030 MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.

D [1.180]1.220(29.97|30.99 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES

£ | .595] .625[15.11]15.88 3. o APPLES TO SPREAD LEADS OF PACKING MATERIALS

E1] 580 610]14.73]15.49]6 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.

el] 100 TYP. | 2.54 TYP. |2 4. N IS THE NUMBER OF TERMINAL

el 600 Tvp. | 15.04 TvP. |2 POSITIONS. % ok "LOCATED WITHN THE CROSS—

L .125] 175] 3.18] 4.45 HATCHED AREA.

N 24 24 4

o] 010] —— [025] —— PACKAGE NUMBER: 22165 REV. C

s1.030] 068] 076] 1.65 JEDEC_NUMBER: ___MO-—038—AA

C.6 Burr-Brown IC Data Book—Mixed Signal Products
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Package Number 187 - 24-Pin Plastic Double-Wide DIP
| 0

24 13
P P O Y

INDEX
AREA

1’1#HHHHHHHHUHH@H[‘P w
hzr-—! !<— ~BASE PLANE ‘ sz . ‘——1——’
Uﬁﬁﬁﬁ JIIICD !U @.A, L ‘—Hﬁ

D1 —— SEATING PLANE ‘ [e————
FULL LEAD =) eC }—- ¢
4P b 1010 (.25) W) B —————w=|
o | meres MILLIMETERS "i o |_INCHES MILLIMETERS %‘ NOTES: 8 :R(?'F‘gggggRTgOEng%E?N;E:?OTAPS ARE
™ AR y N ST - 1. ALL DIMENSIONS ARE IN INCHES. ION.
ry M M;;O "?;5 3T “5{ '2’:0 2921 ';A;B 37 2- DIMENSIONING AND TOLERANCING PER 9. b2 MAXIMUM DIMENSION DOES
o= 1. —— 1 6 : B - - ANST Y14.5M-1982. NOT INCLUDE DAMBAR PROTRUSIONS.
Al 015] -- 1 038] —- [3| N 4 24 7| 3. DIMENSIONS A, A1, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2 | 125 .195] 3.18] 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b | .014] .022] 0.36] 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
52| 030] 070] 0.76] 1.78] S 4. D, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE
- . : . INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM.
c | 008} .015] 0.20| 0.38 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
0 [1.150{1.290(29.21[32.77]4 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED AREA.
D1] 005 --— 013 -- {4 5. E AND eA MEASURED WITH THE LEADS 12. FOR AUTOMATIC INSERTION, ANY
E | .600] .625]15.24]15.88]5 CONSTRAINED_TO BE PERPENDICULAR RAISED IRREGULARITY ON THE TOP
FTT 285 580123511473 4 To oATUM [=C-]. SURFACE (STEP, MESA, ETC.) SHALL
- - & ~ 6. eB AND eC ARE MEASURED AT THE BE SYMMETRICAL ABOUT THE LATERAL
e |.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS AND LONGITUDINAL PACKAGE
eA | .600 BASIC [15.26 BASIC|5 UNCONSTRAINED. CENTERLINES.
eB| —- | .700] —- [17.78]6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: 272167 [REV.. H
eC | 000| 060] 0.00] 1.52]6 POSITIONS. JEDEC_NUMBER: __MS—0T1-AA

Package Number 168 - 14-Lead, Ceramic Side Braze DIP, .300 Wide

]
0
N
14 8

PACKAGE DRAWINGS (Mechanicals)

INDEX
AREA
le— £ —n]
BASE
PLANE
SEATING | |
PLANE |
I
(=1
S
eA —w=
. . N N1 NOTES:
o |—HEHES— | MULLMETERS | § |, |—_WONES L MULLMETERS 19) = = 5. OUTLINES ON WHICH THE SEATING
MIN. MAX. MIN. MAX. MIN. MAX. MIN, MAX. 1. DIMENSIONING AND TOLERANCING PLANE 1S COINCIDENT WITH THE
Al 05[] 175] 2667] 445 ol oli1s [ o [15 |3 PER ANSI Y14.5-1973. PLANE (A1 = 0), TERMINALS
Al .025] 055] 0.64] 1.40Q 2. LEADS WITHIN .005 IN. (0.13mm LEAD STANDOFFS ARE NOT
B | .015} .021} 0.38] 0.53]5 RADIUS OF TRUE Posmorxg (TP) ) REQUIRED, AND B1 MAY EQUAL B
81| .038] .060] 0.97] 1.52(5 AT GAUGE PLANE WITH MAXIMUM ALONG ANY PART OF THE LEAD
T oos 012 020 030 MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.
0 | 690] .770[17.53{19.56 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
E | 290] 3251 7.37} 8.26 3. o APPLIES TO SPREAD LEADS OF PACKING MATERIALS.
El 310} 7111 787(6 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
1
et 100 Typ, | 254 TYp. {2 4. N IS THE NUMBER OF TERMINAL 8. A VISUAL INDEX FEATURE MUST
eA| 300 Tvp. | 762 YR, |2 POSITIONS.
BE LOCATED WITHIN THE CROSS—
L a2s] 175] 3.18] 4.45 ATCHED AREA
N 14 14 4 -
QT| .010] —— | 0.25] —— PACKAGE_NUMBER: 27169 [REV: ¥
S | 030].095] 0.76] 2.41 JEDEC_NUMBER: __MO—36—AB

VNe©
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For Immediate Assistance, Contact Your Local Salesperson

Package Number 172-5 - 32-Lead Side Braze DIP, .900 Wide

C8

Burr-Brown IC Data Book—Mixed Signal Products

INDEX
AREA E
BASE
PLANE
SEATING
PLANE
s | [ .
eA
oM INCHES MILLIMETERS % oM INCHES MILLIMETERS % ms—. 5. OUTLINES ON WHICH THE SEATING
ML | MAX, | MIN_| MAX. MIN_| MAX. | N LMAX L* 11 DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE
:1 145! _195| 3681 495 el O 115 L 0 L1858 |31 pEr ANSI Y14.5-1082. PLANE (A1 = 0), TERMINALS
040 o060[ 1.02] 1.52 LEAD STANDOFFS ARE NOT .
.016] .020] 0.41] 0.51 5 2 RL/ESIDUSS v(‘)‘g”'}’;ll’gosolsl\l‘flo(gj(%gm REQUIRED, AND B1 MAY EQUAL B
81 .050 TYP. | 1.27 TYP. |5 AT GAUGE PLANE WITH MAXIMUM ALONG ANY PART OF THE LEAD
c | ooal 012l 0.23T 030 MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.
D |1.580[1.620[40.13[41.15 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
£ 0001 .920,22.86123.37 3. S APPLIES TO SPREAD LEADS OF PACKING MATERIALS.
El 8851 .905122.48122.9916 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
el| 100 TYP. | 2.54 TYP. |2
4. N IS THE NUMBER OF TERMINAL
A | 800 TYp. 12288 5 NS e 8. A VISUAL INDEX. FEATURE WUST
TP - LOCATED WITHIN THE CROSS—
L | 1osT 175] 318[ 445 ATCHED AREA
N 32 32 4 -
Q1| o10] —— [o025] - PACKAGE NUMBER: 7Z172-5 |REV.. B
o I o030 065l 0761 1,65 JEDEC_NUMBER: ___NONE
Package Number 178 - 24-Pin SOIC
- A .
B
C
0 J’%’\_
G- - r-- D SEATING —;
PLANE
DI INCHES MILLIMETERS H DM INCHES MILLIMETERS g m
MIN, MAX. MIN. MAX. E MIN. MAX. MIN. MAX. E
A 6141 630115.60]16.00
B | .346] 362 8.80] 0.20
C i -—- | 098] —— | 250
b | .012] .020] 0.30] 0.50
G | .046] .054] 1.17] 1.37
PACKAGE NUMBER: 77178 |REV. A
JEDEC_NUMBER: __NONE




Or, Call Customer Service at 1-800-546-6132 (USA Only)

Package Number 180 - 16-Pin Plastic, Single-Wide DIP

-]

16

D

]

L
BT
1

bz——!

BASE
PLANE\
SEATING ——| | (= (—
PLANE
D1 ———= |
1/2 LEAD f—c
4 PL b3
4 PL eB
b
N N [ NOTES:
" INCHES MILLIMETERS oM INCHES MILLIMETERS —_— 8. POINTED OR ROUNDED LEAD TIPS ARE
OM i | wax. | M, | wax. T MIN. | MAX. | MIN. | MAX. E 1. ALL DIMENSIONS ARE IN INCHES. B PbRZEZENRgE& TﬂA)EQA“LEMl%?lEEngNS 00
5 2. DIMENSIONING AND TOLERANCING PER 9. 3
Al - |.210| -— 1533]3]leC | _.000] .060] 0.00 | 1.52 |6 ANSI Y14.5M—1982. NOT INCLUDE DAMBAR PROTRUSIONS.
Al.015] -- Jo38] - |3f[L | 115] 150]2.92 {381 |3} 3 DivENSIONS A, AT, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2 | 1151 .195] 2.92 | 4.95 N 16 1 7 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b | .014.022] 0.36] 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
b2 | 045 ] 070 1.14] 1.78 ]9 4.D, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS 7O BE
. y T INCLUDE MOLD FLASH OR PROTRUSIONS. -005 (0.13mm) MINIMUM.
b3].0301.045] 0.76 | 1.14 |9 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
c [.008] .0124]0.20] 0.36 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED
D [.735].775 [18.67[21.34 | 4 5. E AND eA MEASURED WITH THE LEADS AREA.
D1} 005 | -—- [013[ —- [4 CONSTRAINED_TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY
: > TO DATUM (=G . RAISED IRREGULARITY ON THE TOP
E |.300 .325| 7.62| B.26 |5 6. 8 AND eC ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL
E1].240 | .280 | 6.10 | 7.11 {4 LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL
e 100 BASIC | 2.54 BASIC UNCONSTRAINED. AND LONGITUDINAL PACKAGE CENTERLINES.
eA |.300 BASIC | 7.63 BASIC |5 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: 27180 [REV.. F
eB| —— [ .a30] —— J1092]6 POSITIONS. JEDEC NUMBER: __MS—001-88

Package Number 182 - 8-Lead SOIC

INDEX —~_
AREA

[Slo10 (25) @[ @]

BASE
PLANE —\

SEATING ——

=

fumns

B
ﬁ.mo .25 1;) C| A(;) B®

. L
=

e

DETAIL "A"

LT
A

SEE
DETAIL "A"

s . A VISUAL INDEX FEATURE MUST BE
om INCHES MILLIMETERS ? o INCHES MILLIMETERS § NOTES: LOCATED WITHIN THE CROSS—
MIN._| MAX. | MIN. | MAX MIN._| MAX. | MIN. | MAX. 1. DIMENSIONING AND TOLERANCING HATCHED AREA.
A |.0532].0688] 1.35 | 1.75 PER ANSI Y14.5M-1982. 5. L IS THE LENGTH OF TERMINAL
A1].004 |.0098] 0.10] 0.23 2. DIMENSION D DOES NOT INCLUDE FOR SOLDERING TO A SUBSTRATE.
B 1013 1.020 | 033] 05117 MOLD FLASH, PROTRUSIONS OR ) p
T 15075 00881 0.20 1 0.25 GATE BURRS. MOLD FLASH, 6 p”os’ﬁ,o,z‘g NUMBER OF TERMINAL
- S - : PROTRUSIONS AND GATE BURRS
D |.189 [.1968] 4.80 | 4982 7. THE LEAD WIDTH B, AS
SHALL NOT EXCEED .006 IN. MEASURED 014 IN. (0.36 mm) OR
£ 11497].15741 3.80 | 4.0013 (0.15 mm) PER SIDE. GREATER ABOVE THE SEATING
e | .050 BASIC| 1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE PLANE, SHALL NOT EXCEED A
H |.2284 | .244 | 5.80 | 6.20 INTER-LEAD FLASH OR MAXIMUM VALUE OF .024 IN.
h ].0099].0196] 0.25 ] 0.50]4 PROTRUSIONS. INTER-LEAD FLASH (0.617 mm).
L |.016 | .050 | 0.41] 1.27[5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY
W 5 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.
=T o 5 oy & PER SIDE. (0.10 mm) FROM SEATING PLANE.
4. THE CHAMFER ON THE BODY IS
OPTIONAL. IF IT IS NOT PRESENT, PACKAGE NUMBER: 77182 [REV.. H
JEDEC_NUMBER: MS_O12-AA

Burr-Brown IC Data Book—Mixed Signal Products
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For Immediate Assistance, Contact Your Local Salesperson

Package Number 211 - 16-Lead SOIC, .300 Wide
—L 0

(B RELEY: “
EFIESNA0) Ll—-—{%

H DETAIL "A"

INDEX
AREA

SEE
[2].004 (.10 DETAIL "A

010 (25)W][c[a@W[B

oy |__NCHES MILLIMETERS § o |NCHES MILLIMETERS ? NOTES: A VISUAL INDEX FEATURE MUST BE
MIN._ [ MAX. | MIN. | MAX. MIN. | MAX. [ MIN. | mAx. 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS—

A 1.0926].1043] 2.35| 2.65 PER ANS! Y14.5M—1982. HATCHED AREA.

AT].004 [.0118] 0.10] 0.30 2. DIMENSION D DOES NOT INCLUDE | 5+ IS THE LENGTH OF TERMIBAL

B [.013].020[ 0.33] 0517 MOLD FLASH, PROTRUSIONS OR :

¢ To0911:0125] 0.25] 0.32 GATE BURRS. MOLD FLASH. 6. F[wosl'sﬂgng NUMBER OF TERMINAL

b |.3977] 4133]10.10]10.50| 2 PROTRUSIONS AND GATE BURRS 2 e LEAD WIOTH B. AS

& 129141 2992] 7.40] 7.60 |3 SHALL NOT EXCEED .006 IN. : - AS
:29141.29924 7. 60 1< {0.15 mm) PER SIDE. MEASURED .014 IN. (0.36 mm) OR

e | .050 BASIC |1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE,

H | .394 [ 419 [10.00[10.65 INTER=LEAD FLASH SHALL NOT EXCEED A MAXIMUM

h [.010].029] 025/ 0.75 |4 PROTRUSIONS. INTER LEAD FLASH VALUE OF .024 IN. (0.61 mm).

L [.016.050] 0.40] 1.27 5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY

N 16 16 6 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.

< 0] & | o] & PER SIDE. (0.10 mm) FROM SEATING PLANE.

4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: __ 72211 __|REV. F

OPTIONAL. _IF IT IS _NOT PRESENT, JEDEC_NUMBER: MS-013-AA

1
1

Package Number 212 - 32-Lead Side Braze DIP, .800 Wide
|

INDEX
AREA

3

BASE

PLANE

SEATING

PLANE

5= [ B —jf— LM L i C
el eA
oM INCHES MILLIMETERS 'f oM INCHES MILLIMETERS zz m 5. QUTLINES ON WHICH THE SEATING
e "'"‘5 MAX. M| MAX | MV L WAX L 1. DIMENSIONING AND TOLERANCING PLANE 1S COINCIDENT WITH THE
= ~030 ~:)Z‘; 13(;2 ‘:gi PER ANS! Y14.5-1982, PLANE (A1 = 0), TERMINALS
. . ! . LEAD . STANDOFFS ARE NOT
B |.016 ] .020] 0.41] 0.51]5 2 é-fgﬁss "é‘;”{glj-g‘jgo's'fﬁo(s‘g;“)"‘) REQUIRED, AND B1 MAY EQUAL B
B1|.045 | .055] 1.14]| 1.40]5 R AUCE PLAE o e ALONG ANY PART OF THE LEAD
C |.000 | .012| 0.23] 0.30 MATERIAL CONDITION RND ONIT ABOVE THE SEATING/BASE PLANE.
D [1.584 [1.616]40.23]41.05 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
£ [.900 | .920 [22.86]23.57 _ 3. o APPLIES T0 SPREAD LEADS OF PACKING MATERIALS.
E_: 438120 -;?)5 222~‘$ 2;59 2 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
e . . .. .
eA| 900 TYP. | 22.86 TYP. |2 4N ‘ST THE NUMBER OF TERMINAL 8. A VISUAL INDEX FEATURE MUST
- POSITIONS. BE LOCATED WITHIN THE CROSS—

L[ 125 180] 3.18] 4.57 PATCHED. AREA
N 32 32 7 -
S | 030 .065] 0.76] 1.65 PACKAGE NUMBER: 77212 [REV. ¢
ol o 15 | o J 15 [3 JEDEC_NUMBER: _NONE
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Or, Call Customer Service at 1-800-546-6132 (USA Only)

Package Number 214 - 40-Lead Side Braze DIP, .600 Wide

D

N
40

2

0N N s N N Y N 1N S Y 1 Yo ROV W 4 RN WY Y3 N N o RN s WY

R VARV R R VAV T VAR A AR VAR TR T AR VA VA T T T
1 20

<
i
- eA
N N[ NOTES:

INCHES MILLIMETERS | O INCHES MILLIMETERS | 0O _—

OM . MAX. | MIN. | MAX. i oM Win. | WAX. | M. | wAx. | b 1. DIMENSIONING AND TOLERANCING S OUTLINE§ ON WHICH THE SEATING
PLANE IS COINCIDENT WITH THE

A | 085] 190 2.16] 4.83 «| o |15 [ o [15 |3 PER ANSI Y14.5-1973. PLANE (A1 = 0), TERMINALS
A1} .020] .070] 0.51] 1.78 2. LEADS WITHIN .005 IN. (O.13mm) LEAD STANDOFFS ARE NOT
B | .015] .023] 038|058 |5 RADIUS OF TRUE POSITION (TP) REQUIRED, AND B1 MAY EQUAL B
B1] .038] .060| 0.97] 1.52 |5 AT GAUGE PLANE WITH MAXIMUM ALONG ANY PART OF THE LEAD
c o008l 012] 020l 030 MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.
D |1.9802.030 |50.2951.56 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
E | .595] .62515.11[15.88 3. o APPLIES TO SPREAD LEADS OF PACKING MATERIALS.
£1].580] 610 ]14.73[1549 6 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
1 P 54 TYP, |2 4. N IS THE NUMBER OF TERMINAL
£—100 T 2 POSITIONS 8. A VISUAL INDEX FEATURE MUST
eA 600 TYP. 15.24 TYP. | 2 .

ST 1751 3151 s BE LOCATED WITHIN THE CROSS-
L 125 . HATCHED AREA.
N 40 40 4
Qi .010[ —= [025] -= PACKAGE NUMBER: 77214 REV.:
S 1 o030] 065] 076 1,65 JEDEC_NUMBER: ___MO—038-AC

Package Number 215 - 28-Pin Plastlc, Double-Wide DIP

D

!

28 ’ 15
e T e e B e O O e e Wl W e e M e

INDEX
AREA

HHHHHHHHHHHHHHHHHHHHHHHH‘P:

BASE PLANE

e =
[

SEATING PLANE

D1
FULL LEAD =]
4 PL
b 010 (-25) @c] B————|

o INCHES miLumeTers | om INCHES MILLIMETERS § NOTES: 8. POINTED OR ROUNDED LEAD TIPS ARE

MIN. | MAX. | MIN. | MAX. MIN, | MAX. | MIN. | NAX. 1. ALL DIMENSIONS ARE IN INCHES. . PREFERRED TO EASE INSERTION.
__{A : l l 3| 2 OMENSIONING AND TOLERANCING PER 9. b2 MAXIMUM DIMENSION DOES

—= 1.250| —— 1635]|3|| L | .115] .200] 2.92]5.08 {3} “ ,\c v14.5M-1982. NOT INCLUDE DAMBAR PROTRUSIONS.
At 015] —- [o038] - [3]N 8 2 71 3. DIMENSIONS A, A1, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2| 1251 195] 3.18 | 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b | .014].022] 0.36 | 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
b2 030 070] 076 1.78 |9 4. D, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE

- - - - INCLUDE MOLD FLASH OR PROTRUSIONS. 005 (0.13mm) MINIMUM.
c | .008].015]020]0.38 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
D |1.380{1.565]35.05/39.75]4 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED
01| 005) —-— [0.13] —— |4 5. E AND eA MEASURED WITH THE LEADS AREA.
E | .600| .625115.24 115.88 |5 CONSTRAINED TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY

2 <2 > : 70 DATUM [=C=] . RAISED IRREGULARITY ON THE TOP
E1) .485) .580]12.32 14.73 |4 6. eB AND eC ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL
e |.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL
oA | 600 BASIC |15.26 BASIC|5 UNCONSTRAINED. AND LONGITUDINAL PACKAGE CENTERLINES.
eB| -— | .700] -- [17.78 (6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE_NUMBER: 22215 REV.: J
ecl 000] ool 000] 15216 POSITIONS. JEDEC NUMBER: __ MS—011-AB

WNe
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For Immediate Assistance, Contact Your Local Salesperson

Package Number 217 - 28-Lead SOIC

D
N
28 15
AAAAARAAAAAAAA <
=
INDEX 3 "an
AREA DETAIL "A"
_r
1 14 -
rAl h x 45
T ] -~
Pkke ‘ ==l A | I ——
SEATING 1 I = -—‘- /<\
=~ DETAIL "A"
010 (25) FI6) (2004 (10)
om INCHES MILLIMETERS 'f o |—eHES MILLIMETERS %’ NOTES: CROSSHATCHED AREA.
! MIN. | MAX. | MIN. | MAX. MIN. | MAX. | MIN. | MAX. 1. DIMENSIONING AND TOLERANCING 5. L IS THE LENGTH OF TERMINAL
A |.0926].1043] 2.35| 2.65 PER ANSI Y14-5M~1982i FOR SOLDERING TO A SUBSTRATE.
A1] 004 [.0118| 0.10] 0.30 z m,?loTENEI&';HD gROOETSRUNSCI)Ongcc%gDE 6. N IS THE NUMBER OF TERMINAL
B[ .013].020] 033] 0.57]7 GATE B OLD F ; F}?‘SE'TE)E“AE WIDTH B,
€ 1.00911.0125 0.23 0.32 gﬁg{fugg%Ngxg'ggocATE BURRS " MEASURED .014 IN. (o 36 mm) OR
| 0 1.69691.7125117.70118.101 2 GREATER ABOVE THE SEATING
£ |.2914] 2002] 7.40] 7.60 | 3 (0.15 mm) PER SIDE.
=T 050 Basic | 127 BASIC 3. DIMENSION E DOES NOT INCLUDE PLANE, SHALL NOT EXCEED A
= : INTER—-LEAD FLASH OR PROTRUSIONS. |- MAXIMUM VALUE OF .024 IN.
H|.3981.419]110.11110.65 INTER-LEAD FLASH AND PROTRUSIONS| (0.6 mm).
h |.010 [.0295| 0.25] 0.75 |4 SHALL NOT EXCEED .010 IN. 8. LEAD TO LEAD COPLANARITY
L [.020] .040] 508]1.02 |5 (0.25 mm) PER SIDE. SHALL BE LESS THAN .004 IN.
N 28 8 e 4. THE CHAMFER ON THE BODY IS (0.10 mm) FROM SEATING PLANE.
P I I T 5 OPTIONAL. IF IT IS NOT PRESENT,  [PACKAGE NUMBER: 27217 _ |REV. G
A VISUAL INDEX FEATURE MUST JEDEC NUMBER: MS—013-AE
BE LOCATED WITHIN THE WITH_THE_EXCEPTION OF DIM. H, L.
Package Number 217-2 - 28-Lead SOIC, ISO Package
| A=l
s
28 15 |
AHHA AAf o
. [B]o10 (25 @W][8 @] Ll-a.| }
INDEX € H " an
AREA DETAIL "A
__l
1 4
! Al ~—l I——h x 45
| ‘ s
T 1
1 | A c \
PLANE LT
e T == i L
‘J B_’”‘— \ Mg
DETAIL "A"
010 (25 ][c[aM][8
] i 41 NOTES: LOCATED WITHIN THE CROSS—
o M'::CHESMAX. hs:tmnjs (i oM er-CHESMAXv T;;IL-MEEAR: g 1. DIMENSIONING AND TOLERANCING 5 "'LAEHE:E L;:\GTH OF TERMINAL
:1 .%90246 .;?Tg g?g g.gg ) PDEIEEQ”S‘IS(')NY‘D‘ gggs‘gﬁm NCLUDE " FOR SOLDERING TO A SUBSTRATE.
- - - = . 6. N IS THE NUMBER OF TERMINAL
B |.013 | .020 | 0.33] 0.51 |7 MOLD FLASH, PROTRUSIONS OR POSTHONE.
= GATE BURRS. MOLD FLASH,
C |.0091].0125] 0.23 | 0.32 PROTRUSIONS AND GATE BURRS 7. THE LEAD WIDTH B, AS
D |.6969].7125]17.70[18.10] 2 SHALL NOT EXCEED 006 IN. MEASURED .014 IN. (0.36 mm) OR
D1].426 | .44110.82]11.20 (0.15 mm) PER SIDE. GREATER ABOVE THE SEATING
E [.2914].2992]| 7.42]7.60 |3 PLANE, |SHALL NOT EXCEED A
3. DIMENSION E DOES NOT INCLUDE MAXIMUM VALUE OF .024 IN.
€ | .050 BASIC | 1.27 BASIC INTE$ LEAD FLASH OR o Fus (0.61 mm).
H | .394 | 419 | 10.01]10.65 PROTRUSIONS. INTER-LEAD FLASH B. LEAD TO LEAD COPLANARITY
h |.010 |.0295] 0.25] 0.75 | 4 AND "RO“?‘US'?NS OSHA'-,‘- NoT SHALL BE LESS THAN .004 IN. .
L [.016 | .050 | 0.41] 1.27 |5 EXCEED (010 N (0.25 ‘mm) (0.10 mm) FROM SEATING PLANE.
N 12 12 6 4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: zzz17 2 ]RBI D
<| O 8 o] & OPTIONAL. IF IT IS NOT PRESENT, JEDEC NUMBER: = MS—
] A VISUAL_INDEX_FEATURE MUST BE WITH THE EXCEPTION OF "N

C.i2
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Or, Call Customer Service af 1-800-548-6132 (USA Only)

Package Number 218 - 18-Pin Plastic, Single-Wide DIP

| o |
I 18 ‘o*]
i O e T e e e W e Y e e B
INDEX El
AREA
RN T LT T T
1 9
b2 £
BASE
PLANE
SEATING —— | i
PLANE
(A |
D1 ————==| eC c
FULL LEAD
4 PL b eB
- INCHES MILLIMETERS %’ - INCHES MILLIMETERS % NOTES: 8. :‘SE’T%IEF;[R)E?’RTEO;I%EEE?NégS%OTP:PS ARE
MIN. | MAX. | MIN. | MAX. MIN. | MAX. | MIN. | MAX. 1. ALL DIMENSIONS ARE IN INCHES. -
| - IT } 2. DIMENSIONING AND TOLERANCING PER 9. b2 MAXIMUM DIMENSION DOES
Al -~ 12100 = 1533 L 1.1151.150 | 292|381 |3 ANSI Y14.5M— 1982, NOT INCLUDE DAMBAR PROTRUSIONS.
a1].015] -— [o38] —— [3][N 8 ! 7| 3. DIMENSIONS A, A1, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2} 1151 .195] 2.92] 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b | .014] .022] 0.36] 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
b2 9 4. D, D1, AND E! DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE
04510701 1,141 178 | € INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM.
c |.008] .014]020] 0.36 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE [ors)
D | .880 ] .920 [22.35[23.37[ 4 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED (2}
D1|.005| ~= 1 013] —- |4 5. E AND eA MEASURED WITH THE LEADS AREA. -6
E | .300] .325] 7.621 8.26 |5 CONSTRAINED_TQ BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY
. 3250 7. .2 10 DATUM [=G=] . RAISED IRREGULARITY ON THE TOP (3]
E1|.240 | 280 6.10] 7.11 4 6. eB AND eC ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL a—
e [.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE LATERAL c
oA | 300 BASIC | 7.63 BASIC |5 UNCONSTRAINED. AND LONGITUDINAL PACKAGE CENTERLINES. ©
eB| —- [ .430| -- [10.92]6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE_NUMBER: 77218 [REV.. D
ecl 000 o0 000] 1:52]6 POSITIONS. JEDEC NUMBER: __MS—_001—AC -S
Package Number 219 -~ 18-LEAD SoOIC e
e [AZ1 o (7))
N o
18 10 z
AHAAAAAARA = §.
010 (25 @[e W] % <
INDEX L L_
AREA 3 H o
DETAIL "A” n
! 9 Al h x 45 <
e \ 4
A
”LANE‘\\M |I IHINIRIRIRIE s (&)
BEATIN(‘ = I <
—’IEJI“ \ o A o
6 o= [=To0s o) S
[Plo10 (25W[[aW[E O]
' INCHES MLLMETERS | B  |_theHES MILLIMETERS | D NOTES A VISUAL INDEX FEATURE MUST BE
OM e T wax | . [wax. | b f ™™ [ [ wax [ wo [ max. | £ | 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CRO
A |.0926].1043] 2.35| 2.65 PER ANSI Y14.5M—1982. HATCHED AREA.
AT .004 [.0118] 0.10] 0.30 2. DIMENSION D DOES NOT INCLUDE 5. L IS THE LENGTH OF TERMINAL
5 Tor3T 000331 05117 MOLD FLASH, PROTRUSIONS OR FOR SOLDERING TO A SUBSTRATE.
T 00571012510 231 0.32 GATE BURRS. MOLD FLASH, 6. N IS THE NUMBER OF TERMINAL
B T B PROTRUSIONS AND GATE BURRS POSITIONS.
D [.4469].4625[11.35[11.75[ 2 SHALL NOT EXCEED .006 IN. 7. THE LEAD WIDTH B, AS
E _|.2914].2992) 7.40] 7.60]3 (0.15 mm) PER SIDE MEASURED .014 IN. (0.36 mm) OR
e | .050 BASIC | 1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE,
H | .394 [.419 [10.00]10.65 INTER—-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM
h [.010 | .029 [ 0.25[ 0.75] 4 PROTRUSIONS. INTER~LEAD FLASH VALUE OF .024 IN. (0.61 mm).
L |.016]{.050|040]| 1.27]5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY
N 18 1 6 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.
T o T & & Fa PER SIDE. (0.10_ mm) FROM SEATING PLANE.
4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: 72219 |REV.. E
OPTIONAL. IF IT IS NOT PRESENT, JEDEC NUMBER. — MS—013=AB
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Package Number 221 - 20-LEAD SOIC

—A—

QRAAARARAR

)

1
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=

010 (25) @8 4]

NN BN
4@1«5 »“« \

)
[2].004 (.10)

(Blo10 (25 @ [c[a®[8 O

v

i

DETAIL "A"

DETAIL "A"

on |_NeHes MILUIMETERS. § on | heHes MILLMETERS 'f NOTES: A VISUAL INDEX FEATURE MUST BE
N | wax_|_min. | wax. i, | wAX, | M| Max. 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS-
7 (0926 1043| 2.35 2.65 PER ANSI Y14.5M—1982. HATCHED AREA.
AT .004 [.0118] 0.10] 0.30 2. DIMENSION D DOES NOT INCLUDE S T O TR
BT 013 050 03305117 MOLD FLASH, PROTRUSIONS OR -
GATE BURRS. MOLD FLASH, 6. N IS THE NUMBER OF TERMINAL
¢ ].0091].0125] 0231 0.52 PROTRUSIONS AND GATE BURRS POSITIONS.
D [.4961.5118[12.60[13.00(2 SHALL NOT EXCEED 005 IN. 7. THE LEAD WIDTH B, AS
E [.2914].2092] 7.40] 7.60 | 3 (015 mm) PER SIDE MEASURED .014 IN. (0.36 mm) OR
© | 050 BASIC | 1.27 BASIC 3. DIVENSION £ DOES. NOT INGLUDE GREATER ABOVE THE SEATING PLANE,
W | .394] 419]10.00]10.65 INTERLEAD FLASH OR SHALL NOT EXCEED A MAXIMUM
h | 010] 029} 025(075(4 PROTRUSIONS. INTER-LEAD FLASH VALUE OF .024 IN. (0.61 mm).
L [ .016] .050] 040 1.27 |5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY
N 0 20 6 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.
: : - O 0.10 mm) FROM SEATING PLANE.
| 0] 8 0 [% PER SIDE. (
4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: 77221 [REV.. - D
OPTIONAL. IF IT IS NOT PRESENT,  [JEDEC NUMBER. — WMo—013-AC

INDEX
AREA

BASE
PLANE

SEATING ——

PLANE

—_—

D1
FULL LEAD
4

I

Package Number 222 - 20-Pin Plastic, Single-Wide DIP

D |

12 .

1
HHr’HH’-lerr"Hr"Hr"Hr'HI

E1

\%(V&HHHHH&HHHHHHHLLE'
1

|l
o el T

| NOTES: 8. POINTED OR ROUNDED LEAD TIPS ARE
H i AN MILLIM R
oM w:N . Es.m ':‘:..:IMH;:: § oMo C'ﬁw MI,L,'; ln,;: f 1. ALL DIMENSIONS ARE IN INCHES. PREFERRED TO EASE INSERTION.
- n - . y - 2. DIMENSIONING AND TOLERANCING PER 9. b2 MAXIMUM DIMENSION DOES
Al —— T 210] == [s33[3][t | .115] 150 2.92[3.81 [3] “ ansi v14.5M—1082. NOT INCLUDE DAMBAR PROTRUSIONS.
A} .015] —— 1038} —— I3}l N 0 2 7| 3. DIMENSIONS A, A1, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2| 115] .195] 2.92 | 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b .014 | .022| 0.36) 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
2 5 4.D, D1, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE
045] .070 | 1.4} 1.78]° INCLUDE MOLD FLASH OR PROTRUSIONS. .005 (0.13mm) MINIMUM.
c | .008].014]020] 0.36( MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
D | .980[1.060|24.89(26.92]4 NOT EXCEED .010 (0.25mm). kgg:reo WITHIN THE CROSS—HATCHED
01| 005| -= [0.a3] -- 4 5. E AND eA MEASURED WITH THE LEADS !
E CONSTRAINED_TO BE PERPENDICULAR 12. FOR AUTOMATIC INSERTION, ANY
-300] 3251 7.62 | B.26]5 10 DATUM [=C=] . RAISED IRREGULARITY ON THE TOP
E1] 240 280 [ 6.10| 7.11 |4 6. eB AND €C ARE MEASURED AT THE SURFACE (STEP, MESA, ETC.) SHALL
e |.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS BE SYMMETRICAL ABOUT THE. LATERAL
eA | .300 BASIC | 7.63 BASIC |5 UNCONSTRAINED. AND LONGITUDINAL PACKAGE CENTERUNES.
eB| —— | 430| —- [10.92]6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE _NUMBER: 27222 [Rev.: ¢
<C | 000 | .060] 0.00] 1.52(6 POSITIONS. JEDEC NUMBER: ___MS—001-AD
C.14 Burr-Brown IC Data Book—Mixed Signal Products
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Package Number 228 - 28-Lead CERDIP, .600 Wide
D
N
28 15
ok Wk ke o ks W sl
INDEX E1
AREA
d5245dEdEdEdEdLdEdEdEdLIEdE
1 14
b3 Al
b2~ | | e A t‘_ E —’1
[ LA ] | ———
PLANE L ]
SEATKNG l L
PLANE I
E’ eC c
eB ———=
oM INCHES MILLIMETERS § oM INCHES MILLIMETERS %‘ —Nﬂ
MIN. | MAX. | MIN. | MAX. MIN. | MaX. [ MIN. | max. 1. CONTROLLING DIMENSIONS: INCH. 7. FSSSEAST%MRAET&LyégRTgNN.TS?YTOP
A ) 2. DIMENSIONING AND TOLERANCING Y
™ '(‘)?g ‘[1,2; 3'492 3'22 L‘, A7 SASIC 4'4525AS‘C 51 PER ANSI Y14.5M-1982. SURFACE (STEP, MESA, ETC.)
: y N p 3. D AND E1 DIMENSIONS INCLUDE SHALL BE SYMMETRICAL ABOUT
b | .018 TYP. 0.46 TYP. |8 ALLOWANCE FOR GLASS OVERRUN THE LATERAL AND LONGITUDINAL
b2 | 080 TYP. .03 TYP. AND MENISCUS, AND LID TO PACKAGE CENTERLINES.
b3| 035 TYP, | 0.89 TYP, BASE MISMATCH, 8. b AND c DIMENSIONS INCLUDE
c 1.0098].0102[0.249]0.259(8 4. eB AND eC ARE MEASURED AT BOTH THE BASE MATERIAL AND
D [1.440]1.460[36.57 | 37.08] 3 THE LEAD TIPS WITH THE LEADS THE COATING OR PLATING ON THE
£ | .608] .614[15.44[15.60 UNCONSTRAINED. eC MUST BE LEADS.
; - ] 613 ZERO_OR GREATE| 9. A VISUAL INDEX FEATURE MUST
E1] 5141 .526113.06]13.36 5. N IS THE MAXIMUM NUMBER OF BE_LOCATED WITHIN THE CROSS-
e | 100 BASIC | 2,54 BASIC TERMINAL POSITIONS. HATCHED AREA.
eA | 600 BASIC 11524 BASIC 6. POINTED OR ROUNDED LEAD
eB| .645| .675[16.38117.15]4 TIPS ARE PREFERRED TO EASE
eCl .000) —=)1000]| —— |4 INSERTION. PACKAGE NUMBER: 77228 [REV. B
H1 .070] 080l 1.78] 2.03 JEDEC_NUMBER: __NONE
Package Number 230 - 40-Pin Ceramic DIP
[ A |
40 21 ]
B8
1 20
PIN 1 IDENTIFIER—\ __”__F _c
N] K J
PN PR | B [I—
SEATING
PLANE
o |__NeHES MILLIMETERS | § o |__eHES wimerers | B | NOTES:
MiN. MAX. MIN. MAX. E MIN. MAX. MIN. MAX. I 1 EAl IN TRUE POSITION
A |2.075]2.115]52.71]53.72 DS '010,.%253’;) N
B [1.080[1.100]27.43|27.94 MMC AT SEATING PLANE.
. . .68 | 4.
g 104\55 w1p75 30542 TY:S 2. PIN NUMBERS SHOWN FOR
: - - : REFERENCE ONLY. NUMBERS
F | 040 TYP. | 1.02 TrP. MAY NOT BE MARKED ON
G| .100 TvP. | 2.54 TYP. THE PACKAGE.
H|.093].103]2.36 ] 2.62
J |.020 BASIC [0.51 BASIC
K |.205 BASIC | 5.21 BASIC
L [.900 BASIC [22.86 BASIC
N [.015] 035 [0.38 [ 0.89
PACKAGE NUMBER: 77230 [REV. A
JEDEC_NUMBER: ___NONE

BURR-BROWNe®
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For Immediate Assistance, Confact Your Local Salesperson

Package Number 235 - 14-Lead SOIC

INDEX
AREA

) blo10(25)@[8 W]

BASE
PLANE _\_

SEATING —=

PLANE _—{l___

U

i

<

17

DETAIL "A”

SEE
DETAIL "A"

B [2].004 (.10)
EREOIEROES)
ot INCHES MILLIMETERS 4? om INCHES MILLIMETERS E NOTES: A VISUAL INDEX FEATURE MUST BE
N | MAx | M | WAx. W, | MAX. | MIN. | WAX. 1. DIMENSIONING AND TOLERANCING LOCATED WITHIN THE CROSS—
1053210688 1.35 11,75 PER ANSI Y14.5M—1982. HATCHED AREA.
1] .004 100981 0.10 [0.25 2. DIMENSION D DOES NOT INCLUDE 5. L IS THE LENGTH OF TERMINAL
5 013 1.020 033 0517 MOLD FLASH, PROTRUSIONS OR FOR SOLDERING TO A SUBSTRATE.
- . - - GATE BURRS. MOLD FLASH, 6. N IS THE NUMBER OF TERMINAL
€ 1.00751.0098] 0.19 1 0.25 PROTRUSIONS AND GATE BURRS POSITIONS.
D [.3367].344418.55 |8.75 |2 SHALL NOT EXCEED .006 IN. 7. THE LEAD WIDTH B, AS
E _[.1497].1574] 3.80 [ 4.00 3 (0.15 mm) PER SIDE. MEASURED .014 IN. (0.36 mm) OR
e | .050 BASIC | 1.27 BASIC 3. DIMENSION £ DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE,
H |.2284].244 | 5.80 | 6.20 INTER-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM
h [.0099].0196] 0.25 [0.50 |4 PROTRUSIONS. INTER—LEAD FLASH VALUE OF .024 IN. (0.61 mm).
L |.016[.050 [ 0.40 {1.27 |5 AND' PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY
N 14 14 6 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.
] o | & o | & . PTEaRE %SIE\MFER N THE BODY IS (0.10 mm) FROM SEATING PLANE.
. PACKAGE NUMBER: 77235 |REV.. E
OPTIONAL. IF IT IS NOT PRESENT, JEDEC NUMBER: WS —012=AB

Package Number 237 -

|

28-Lead Side Braze DIP, .600 Wide

N
28

15

TR WY WY VUYWAY WY WY MY WY WY 2 N N o §

BT T A A VA T A T

1

ARV VATV
14

INDEX

AREA B1 -] €

BASE :

PLANE A

SEATING

PLANE

o
S B ——|—— L e J S
Al !
——| e‘ll-—- A —=
oM INCHES MILLIMETERS ’f oIM INCHES MILUMETERS § N—OI—E—S— 5. OUTLINES ON WHICH THE SEATING
T BT R T B B M | MAx | M LNAX LY 1) DIMENSIONING AND TOLERANCING " PLANE IS COINCIDENT WITH THE
- gfg’ -L‘;g 12-‘;2 ‘1*~2~; PER ANSI Y14.5-1982. PLANE (A1 = D), TERMINALS
K . . - LEAD STANDOFFS ARE NOT
B | .016] .020] 0.41] 0.51]5 2. LeADS "(‘)‘;“‘T“"w-g"so's'fﬁg&‘(%m) REQUIRED, AND B1 MAY EQUAL B
B1] .045] .055] 1.14] 1.40(5 e P s ALONG ANY PART OF THE LEAD
c | .oo9] .012] 0.23] 0.30 MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.
D |1.425]1.475|36.20]37.47 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
E | 600 .620]15.24[15.75 3. o APPLIES T0 SPREAD LEADS OF PACKING MATERIALS.
E1] .585] .605114.86[15.3716 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
el .100 TYP 54 TYP. 12 4. N IS THE NUMBER OF TERMINAL
eA| 500 .610]14.99]15.49]2 NS e 8. A VISUAL INDEX FEATURE MUST
- BE LOCATED WITHIN THE CROSS—

L | .125] .180] 3.18] 4.57 HATCHED AREA
N 28 28 [ - .
S | .060] .090( 1.52[ 2.29 PACKAGE NUMBER: 77237 TREV. _C
o o 15 [ o |15 |3 JEDEC_NUMBER: __NONE

Cle
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Or, Call Customer Service at 1-800-548-6132 (USA Only)

Package Number 230 - 24-Lead SOIC

E D
fingnnaananng 9
T ESEERIDIE) '
INoEX £ H DETAIL "A"
'HHHHHHHHHHE__

J%o

AL

4k

©[.004 (.10) DETAIL A
[ploro (25)@[c[a®M[B O

INCHES MILLIMETERS § one |_heres MILUMETERS § NOTES: ﬁO\éIASTUE?)L \/IJI\I‘TDH% gEéT%%%SMSU_ST BE
MIN. | MAX. | MIN. | MAX. MIN. | MAX. [ MIN. | MAX. 1. DIMENSIONING AND TOLERANCING HATCHED AREA.
10026[.1043] 2.35 | 2.65 PER ANSI Y14.5M-1982. 5. L IS THE LENGTH OF TERMINAL
004 |.0118] 0.10 0.30 2. MD(I)MLBNE:_?AZHD F',J%TSRJ‘S‘?;Ng‘CégDE FOR SOLDERING TO A SUBSTRATE.
013 | .020 | 033] 05117 OATE BURRS. | MOLD. ELASH. 6. N IS THE NUMBER OF TERMINAL
.00911.01251 0.25 | 0.32 PROTRUSIONS AND GATE BURRS 5 FORTONS: oTH B. AS
:5985].6141115.20]15.6012 SHALL NOT EXCEED .006 IN. : .

MEASURED .014 IN. (0.36 mm) OR

- > =}
Rzr—-::mr:’com_) g

" p—
21412997, 749 L1903 (0.15 mm) PER SIDE. GREATER ABOVE THE SEATING 7))
. - 3. DIMENSION E DOES NOT INCLUDE PLANE, SHALL NOT EXCEED A —
394 | .419 [10.00{10.65 INTER—LEAD FLASH OR MAXIMUM VALUE OF .024 IN. ©
.010 1.0295] 0.25] 0.75 | 4 PROTRUSIONS. INTER-LEAD FLASH (0.61 mm). (41
.016 | .050 | 0.40 | 1.27 |5 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY SHALL nm—
24 2 & EXCEED .010 IN. (0.25 mm) BE LESS THAN .004 IN. éo 10 mm) c
o 8 o 8 PER SIDE. FROM THE SEATING PLA ©
4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: 77239 |[REV.. E o
OPTIONAL. IF IT IS NOT PRESENT, JEDEC_NUMBER: ___ NMS—013-AD
m— o
Package Number 243 - 24-Pin Plastic, Single-Wide DIP E
| o | n
’—24 13 | 0
fhoh P P o Y P P ey Y Ty >
. —
INDEX £1 ;
AREA <
T T R T T AT AT 4 o0©
1 12 (]
E
b2 —jl lk- ]I Ll
BASE G
PLANE
SEATING ——| =, i [
PLANE i )
f—E— Q
p— wml B L <
FULL LEAD o
4 PL [010(.25) ®]c] e8 '—"l
om INCHES MILLIMETERS g o INCHES MILLIMETERS E NOTESI 8. ;}gr:gggEgRTgOélNDEE?ngE/R\%ORPS ARE
. ALL DIMENSIONS ARE IN INCHES. AS X
MIN. | MaX. | wmiN. | MAX. MIN. i MAX. | MIN. %MAX. 2. OHERSIONIG oD ToLERANGE. PER 9. b2 MAXIMUM DIMENSION DOES
Al -~ | .2100 =- | 533]31 L | .115] .150) 2.92] 38113} a\5) vi4.5M—1982. NOT INCLUDE DAMBAR PROTRUSIONS.
A1] .015 038 —— [3| N 4 24 71 3. DIMENSIONS A, A1, AND L ARE DAMBAR PROTRUSIONS SHALL NOT
A2 | 115] 1951 2.92 | 4.95 MEASURED WITH THE PACKAGE SEATED EXCEED .010 (0.25mm).
b | .014] .022] 0.36] 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. 10. DISTANCE BETWEEN LEADS INCLUDING
57 o 3 4. D, DI, AND E1 DIMENSIONS DO NOT DAMBAR PROTRUSIONS TO BE
-045| 070 | 1.14 | 1.78 INGLUDE MOLD FLASH OR PROTRUSIONS. -005 (0.13mm) MINIMUM.
c | .008} .014]0.20 | 0.36 MOLD FLASH OR PROTRUSIONS SHALL 11. A VISUAL INDEX FEATURE MUST BE
0 [1.230[1.280]31.24 [32.51[4 NOT EXCEED .010 (0.25mm). LOCATED WITHIN THE CROSS—HATCHED AREA.
01] .005] —— J01A3] —— T4 5. E AND eA MEASURED WITH THE LEADS 12. FOR AUTOMATIC INSERTION, ANY
E 300| .325] 7.62 | 8.26]5 CONSTRAINED TO BE PERPENDICULAR RAISED IRREGULARITY ON THE TOP
50 s oo 51 Te TO DATUM [=C—] . SURFACE (STEP, MESA, ETC.) SHALL
. . . B 6. B AND eC ARE MEASURED AT THE BE SYMMETRICAL ABOUT THE LATERAL
e |.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS AND LONGITUDINAL PACKAGE
eA | .300 BASIC | 7.62 BASIC |5 UNCONSTRAINED. CENTERLINES.
eB| —— [ 430| -- [10.92[6 7. N IS THE MAXIMUM OF TERMINAL PACKAGE NUMBER: 77243 [REV.. D
eC | .000] .060] 0.00] 1.52]6 POSITIONS. JEDEC NUMBER: __ MS—001—AF
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Package Number 243-1 - 24-Pin Plastic, Single-Wide DIP, ISO Package

D

24 L’TI
oy oY &y 'y A
INDEX 3
AREA
End '1?: ;‘UJ it |
1 1
i D2 - 2
bz—ﬁ '—— E
|
[ 1
BASE =
PLANE— [
SEATING ——
PLANE
[ J——— |
1/2 LEAD eC c
4P g B——I
4 PL 5 €
[ploro .25 @]c]
- N N [ NOTES: 9. b2 AND b3 MAXIMUM DIMENSIONS DO
D [——ICHES___| MILLIMETERS low INCHES | MILLIMETERS o NOT INCLUDE DAMBAR PROTRUSIONS.
MIN. | MAX. | MIN. | mMAX. MIN. | MAX. | MIN. | MAX. 1. ALL DIMENSIONS ARE IN INCHES. DAMBAR PROTRUSIONS SHALL NOT
= = 2. DIMENSIONING AND TOLERANCING PER
Al —- [ .210] -- [s633]3)eB] —— [ .430] -- J10.92]6|% HLHIFNEE 000 EXCEED .010 (0.25mm).
AI| .015] —— | 0.38] —— |3|[eC[.000 | .060 | 0.00 | 1.52 [6 |5 ‘mimeNSIONS A, A1, AND L ARE 10. DISTANCE BETWEEN LEADS INCLUDING
A2] 115] .195] 2.92 | 4.95 L [ 115].150 | 2.92] 3.81 [3 ]| MEASURED WITH THE PACKAGE SEATED %’gﬂ% r;g:sua&rlﬁu;o BE
b | 014 022 0.36] 0.56 N 12 12 7] N JEDEC SEATING PLANE GAUGE GS-3. ! f :

4. D, D, AND E1 DIMENSIONS DO NOT 11. A VISUAL INDEX FEATURE MUST BE
b2| .045] .070] 1.14] 1.78 |9 AIN(’:LUD‘E MOLD FLASH OR PROTRUSIONS. LOCATED WITHIN THE CROSS—HATCHED
2310300451 078 L1419 MOLD FLASH OR PROTRUSIONS SHALL 12" FOR AUTOVATIC INSERTION, ANY
c | .008] .014[0.20] 036 NOT EXCEED .010 (0.25mm). RAISED IRREGULARITY ON THE TOP
D [1.160[1.195]29.46]30.35] 4 5. E AND eA MEASURED WITH THE LEADS

CONSTRAINED TO BE PERPENDICULAR SURFACE (STEP, MESA. ETC) SHALL
D] 005] -— [013] —— |4 e BE SYMMETRICAL ABOUT THE LATERAL
021,620 1655 118.00 16,64 6. eB AND eC ARE MEASURED AT THE D O ICTADINAL PACKAGE
E].300].325| 7.62 | 8.26 |5 LEAD TIPS WITH THE LEADS UNCONSTRAINED.
E1].240] .280) 6.10 7.11 |4 7. N IS THE MAXIMUM OF TERMINAL POSITIONS.|PACKAGE NUMBER: 77243-1 JREV.. J
e | 100 BASIC | 2.54 BASIC 8. POINTED OR ROUNDED LEAD TIPS ARE JEBEC NUMBER: MS—-001-BE
eAl 300 Basic | 7,62 Basic [o PREFERRED TO EASE INSERTION. WITH THE EXCEPTION OF "N"
Package Number 246 - 24-Lead, Ceramic Side Braze DIP, .300 Wide
| o |
N
13 ‘
P PSP PN SO SO B 1 NP SO L MY L NP N 1 f
INDEX
- \% D \
R U ¥ e VU T T Vol Vo VU T
1 12
Qi
-—| I——m [ le— £ —]
] L
BASE
PLANE  \ | - —L A
SEATING _L 17 f
PLANE I
Al
=
s =S L 1= - H c
| ——-I el ‘<— L— eA :
o |—NCHES MILLIMETERS {'1' o | NCHES MILLIMETERS $ NOTES: 5. OUTLINES ON WHICH THE SEATING
WN. | WAX. | M [ mAx. |E WIN_ | MAX. | WIN. [ MAX. | £| 1. DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE
Al 105 175 267] 445] |[=| o [15 | o |15 [3| PER ANSI Y14.5-1973. E%ESTQLDSF?S)' N
A1] .025]| .055| 0.64| 1.40 2. LEADS WITHIN .005 IN. (0.13mm) REQUIRED, AND B1 MAY EQUAL B
81| .038[ .060 | 0.97] 1.52 (5 ABOVE THE SEATING/BASE PLANE.
< 008 012 0.20] 0.30 MATERIAL CONDITION AND UNIT /
: : . - INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
D |1.188(1.212[30.18[30.78 5 APPLIES T SPREAD LEADS OF PACKING MATERIALS.
€| .200] 325 7.37] 8.26 .=
E1].280 '3%3 7111 78716 PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
el| 100 TYP. [ 2554 TYP. [2 4. N IS THE NUMBER OF TERMINAL 8. A VISUAL INDEX FEATURE MUST
eA| 300 TYP. | 7.62 TYP. |2 POSITIONS. BE LOCATED WITHIN THE CROSS—
L | 125] 175] 3.18] 4.45 HATCHED AREA.
N 24 24 4 PACKAGE NUMBER: 77245 __|REV: C
Q1| .010] -== | 0.25] —- JEDEC NUMBER: _ MO—36-AE
S | 0301 0651 0.76] 1.65 WITH THE EXCEPTION OF DIM. D, N

C.18
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Package Number 248 - 28-Pin Plastic, Single-Wide DIP

) |

15
ﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ

B

INDEX E1
AREA

VR T TR R R RS
14

BASE
PLANE
SEATING —— |+
PLANE )
A'I
(eA]
D1 ——n] = ; H—_:”__
FULL LEAD
4
P b [bloto (25) @[c] —’I
INCHES MILLMETERS | § INCHES MILUMETERS | § NOTES: 9. b2 MAXIMUM DIMENSION DOES
oM W, | Max. 2 OW e T v | . | wax, g 1. ALL DIMENSIONS ARE IN INCHES. NOT INCLUDE DAMBAR PROTRUSIONS.
2. DIMENSIONING AND TOLERANCING PER DAMBAR PROTRUSIONS SHALL NOT
Al —— [ 210] —— [ 533[sl L [115] .150] 2.921 3.81131° xnsi v14.5u—1982. EXCEED .010 (0.25mm).
A1].015] —— 1038] —— I3|| N 28 28 7 | 3. DIMENSIONS A, A1, AND L ARE 10. DISTANCE BETWEEN LEADS INCLUDING
AZ| .115{ .195] 2.92 | 4.95 MEASURED WITH THE PACKAGE SEATED DAMBAR PROTRUSIONS TO BE
b | .014].022] 0.36] 0.56 IN JEDEC SEATING PLANE GAUGE GS-3. -005 (0.13mm) MINIMUM.
B2 3 4.0, DI, AND E1_DIMENSIONS DO NOT 11. A VISUAL INDEX FEATURE MUST BE
0451 070 L 1,141 1.78 INCLUDE MOLD FLASH OR PROTRUSIONS. LOCATED WITHIN THE CROSS—HATCHED
c | .008] 01410201 036 MOLD FLASH OR PROTRUSIONS SHALL AREA.
D [1.385[1.425(35.1836.20( 4 NOT EXCEED .010 (0.25mm). B orD R e A0y
D1{.005] —= [0.13] —— [4 5. E AND eA MEASURED WITH THE LEADS
£ |.300 | .325] 7.62] 8.26]5 CONSTRAINED TO BE: PERPENDICULAR SURFACE (STEP, MESA, ETC.) SHALL
. ) . .26 5 o DATUM [2C=] . BE SYMMETRICAL ABOUT THE LATERAL
E1|.240] .280 | 6.10 ] 7.11]4 6. oB AND €C ARE MEASURED AT THE AND LONGITUDINAL PACKAGE
€ 1.100 BASIC | 2.54 BASIC LEAD TIPS WITH THE LEADS UNCONSTRAINED.| _ CENTERLINES.
eA | .300 BASIC | 7.62 BASIC [5 ;, go:svggzog%gngmn E%F E\RDMML posmows PACKAGE_NUMBER: 22246 [REV. D
eB| —- [ .430] —— [10.92]6 . POIN N L IPS ARE JEDEC NUMBER:  MS—001-AG
o1 0000601 6.00] 15506 PREFERRED TO EASE INSERTION. WITH THE EXCEPTION OF "N’
260

Package Number 247 - 28-Lead, Ceramic Slde Braze DIP, .300 Wide

| b -l

N

28 15|

INDEX
AREA

RV Vol Ve Vel D Tl Tl Vol VL VR T T
14

a1
l— E —m
BASE
PLANE \_ ]
SEATING |
PLANE ] |
]
=
S peu— ——”<—B L —~[<—C
eA —{
DM |——ICHES | MILLIMETERS 'f Ot |——CHES | MILLIMETERS % NOTES: 5. OUTLINES ON WHICH THE SEATING
UN._ | WAX. | MIN. | MAX. WIN. | MAX. | WIN. | wAX. 1. DIMENSIONING AND TOLERANCING PLANE IS COINCIDENT WITH THE
A | 105] .175| 2.67] 4.45 = o [15 o [15 [3 PER ANSI Y14.5-1973. PLANE (A1 = 0), TERMINALS
A1].025] .055( 0.64] 1.40 2. LEADS WITHIN .005 IN. (0.13mm) LEAD STANDOFFS ARE NOT
B |.015] .021] 0.38] 0.53|5 RADIUS OF TRUE POSITION (TP) REQUIRED, AND B1 MAY EQUAL B
811038 .060 | 0.07] 1.52[5 AT GAUGE PLANE WITH MAXIMUM ALONG ANY PART OF THE LEAD
- - = - MATERIAL CONDITION AND UNIT ABOVE THE SEATING/BASE PLANE.
c [oos[ 012 020] 030 INSTALLED. 6. E1 DOES NOT INCLUDE PARTICLES
L 3. O APPLIES TO SPREAD LEADS OF PACKING MATERIALS.
Ei 2801 310 7""1 > 57 1S PRIOR TO INSTALLATION. 7. CONTROLLING DIMENSION: INCH.
1] 100 TvP. 254 Ty, [2 o NUMBER OF TERMINAL 8. A VISUAL INDEX FEATURE MUST
oA | 300 Tvb_ 1762 TP |2 : BE LOCATED WITHIN THE CROSS—
L 11251 175 3.18] 4.45 HATCHED AREA.
N 28 28 4 PACKAGE_NUMBER: 72247 __ |REV. D
Q1] 010] —= | 0.25] —— JEDEC NUMBER: MO—036—AE
S | .030].065] 0.76] 1.65 WITH THE EXCEPTION OF DIM. D, N
268
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Package Number 248 - 20-Pin Plastic SOIC

A

20 11
RARHARHAARAA
P

D

EHEHHEBEEEH
10

F’iNl—//1
~|r i

R ——
i i L

INCHES MILLIMETERS ? NOTES:
MIN. MAX, MIN. MAX. 3

—

INCHES MILLIMETERS
MIN. | MAX. | MIN. | MAX.

oM

=4
z
oz

303 .311] 7.70{7.90
3 5 3 5
.002| .006] 0.05]0.15

A | 494 .498112.55]12.65 1. LEADS IN TRUE POSITION

8 | 206 210] 523|533 WITHIN .010" (.25MM) @ MMC

C | .071] .077] 1.80 [1.96 AT SEATING PLANE.

D | .013] .017] 0.33 ] 0.43

T 05 Basie 1 55 BAsic 2. PIN NUMBERS SHOWN FOR

e REFERENCE ONLY. NUMBERS
: . . . MAY NOT BE MARKED ON

J | .0076[.0082] 0.19 | 0.21 PACKAGE.

L

M

N

PACKAGE NUMBER: 77248 [REV.: A
JEDEC_NUMBER: NONE

Package Number 261 - 28-Pin LCC

M

T S ———
[ Al ——]
PIN 1 IDENTIFIER
m] m}\m i
O 1
g J
O i}
0 ] e B N
E ]
N
O 0
L O ____.L
i |1
i
C
g T,
Tl D] b Fune
| G - | K
lt——— E ——l
o |—NCHES MILLIMETERS if o INCHES MILLIMETERS § NOTES:
MIN. MAX. MIN. MAX, MIN. MAX. MIN. MAX.

Al .a50] .460[11.43[11.68

A1] .450| .460]11.43[11.68

8 | .450] .460[11.43]11.68

B1] .450] .460[11.43]11.68

c].165] .180{ 4.19{ 4.57 _—

D[ .013] .023] 0.33] 0.58

E | .300] .430] 9.91[10.92

F|.026] .032] 0.66 0.81

G | .050 BASIC| 1.27 BASIC

K | .015{ 025} 0.38] 0.64

M| .485] .495]12.32{12.57

N | .4B5] .495[12.32[12.57

o | 1001 110] 2.54 ] 2.79 PACKAGE NUMBER: 77251 [REV.. A

- JEDEC NUMBER: UNKNOWN

C.20 Burr-Brown IC Data Book—Mixed Signal Products
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Package Number 256 - 68-Lead with Gull Wing

_A EEEEEELELLLLS @HHL
920 x 45 =0 6N 40 & 45
N

INDICATOR 3 PLACES
b i
___1c
SEATING PLANE
INCHES MILLIMETERS g INCHES miLumerers | D | NOTES:
DIM oIM T —_—
MIN. MAX. MIN. MAX. t MIN. MAX. MIN. MAX. £
. . .88] 24.3
A 1210900 2ame e ). FORMED LEADS SHALL BE PLANAR
: - - = WITH RESPECT TO ONE ANOTHER
C | .200 REF. | 4.81 REF. WITHIN .004 MAX AT SEATING
D | .013].025]0.33]0.64 PLANE.
G | 050 BASIC| 1.27 BASIC
J | .045].055 [ 1.14 | 1.40
K | 045 REF. | 1.14 REF.
M | 1.200] 1.220] 30.48] 30.99
N [1.200]1.220]30.48] 30.99
Pl o6& o6
PACKAGE NUMBER: 77256 |REV.. A
JEDEC_NUMBER: UNKNOWN
Package Number 265 - 16-Lead SOIC, .150 Wide
| e
N =
16 9 -
l [Bloio (25 @[8® J . Lj
INDEX € " _
AREA DETAIL "A
1 8
— Al r h x 45
[ i 27
BASE o e | c
PUNEN M g ey A ],J%:
SEATING —=—t=—t—= =
PLANE i } N~
BETAL "x°
—o] |38 [a]o04 (10)
[1.010 (25 @[c[a®@]e ©]
o |INCHES MILLMETERS | § ot |INCHES wimeTers | § | NOTES: A VISUAL INDEX FEATURE MUST BE
Wi, | wAx. | . | wax. | b MIN. | MAX. | MIN. [ MAX. 1. DIMENSIONING AND TOLERANCING L?\(T:QTEE% WS’HIN THE CROSS—
A |.0532].0688] 1.35 | 1.75 PER ANSI Y14.5M-1982. 5 K | HTH A ENA'TH OF TERMI
1] .004 |.0098] 0.10] 0.25 2. DIMENSION D DOES NOT INCLUDE 'r'bRSSOLEDELRE:Ng ok SEB'gTﬁ‘Q\LTE
MOLD FLASH, PROTRUSIONS OR .
B 1.013 1.020 1 0.33} 05117 ' 6. N IS THE NUMBER OF TERMINAL
GATE BURRS. MOLD FLASH, SN IS
¢ [.0075].0098] 0.19] 0.25 PROTRUSIONS AND GATE BURRS POSITIONS.
D [.3859].3937] 9.80[10.00] 2 SHALL NOT EXCEED 006 IN. 7. THE LEAD WIDTH B, AS
E [.1497[.1574] 3.80 4.00 3 (015 mm) PER SIDE, MEASURED .014 IN. (0.36 mm) OR
e | .050 BASIC [1.27 BASIC 3. DIMENSION E DOES NOT INCLUDE GREATER ABOVE THE SEATING PLANE,
H |.2284] 244 | 5.80] 6.20 " INTER-LEAD FLASH OR SHALL NOT EXCEED A MAXIMUM
h |.0099].0196] 0.25] 0.50 |4 PROTRUSIONS. INTER-LEAD FLASH VALUE OF .024 IN. (0.61 mm).
L |.016[.050] 0401275 AND PROTRUSIONS SHALL NOT 8. LEAD TO LEAD COPLANARITY
m 16 T 5 EXCEED .010 IN. (0.25 mm) SHALL BE LESS THAN .004 IN.
T o T & T & PER SIDE. (0.10 mm) FROM SEATING PLANE.
4. THE CHAMFER ON THE BODY IS PACKAGE NUMBER: 77265 | REV.. D
OPTIONAL. IF IT IS NOT PRESENT, JEDEC_NUMBER: MS—012-AC
BURR-BROWNe®
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Package Number 266 - 18-Pin Side-Braze Ceramic

DATUM D
CENTER PLANE

INDEX AND

Plowe

[
cn?rkgxuvﬂnz\‘
—=| [=-b2asey LAy
il TH

e "]
=

SEATING =/
PLANE
S1 (4 PL)

eA/2
(16 PL) (18 PL)
[Pl @ [c[4-e D0 O
o |—NCHES MILLIMETERS (? oy [—NCHES wiwerers | | NOTES:
MIN. | MAX. | MIN. | MAX MN. [ max. | N[ mAx.

p— p— Y 1. DIMENSIONS ARE MIL-STD-1835
:200 5.08 COMPLIANT (REF GDIP-P188, D-6).
.014] .026| 0.36| 0.66

.045] .065| 1.14] 1.65

.008 ] .018) 0.20]| 0.46

- 960 —— 124.38

.100 BASIC | 2.54 BASIC
.300 BASIC | 7.62 BASIC

2 .150 BASIC | 3.81 BASIC

125 ] .200] 3.18] 5.08
1

A
b
b2
C
D
E | .220] .310| 5.59| 7.87
e
eA
A
L
N
Q

8
.015| .070{ 0.38] 1.78 .
S$1).005| == | 0.13| —— PACKAGE NUMBER: 77266 [REV.. A
o | 90 ] 105) 90 | 105 JEDEC _NUMBER: NONE

Package Number 312-1 - 68-Pin Plastic Quad

PIN
B1 —-| '—-— #
9 61
10 60
BPIN
| his2
q b
d
q
Pm//(
18
# ; |
s/
%q eS|/ m
spocasioasieioaeaey
27 43
PIN
#35
om INCHES MILLIMETERS § o INCHES mLveters | § | NOTES:
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX,

1. DIMENSIONING AND TOLERANCING

A | .167] 177 4.24]4.50
T oo o 254|279 PER ANSI Y14.5M-1982.

B | .016] .020] 0.41]0.51 2. DIMENSION D1 DOES NOT

B1| .026| .032| 0.66 ] 0.81 INCLUDE MOLD PROTRUSION.

C 10201 025] 0.51]0.64 ALLOWABLE MOLD PROTRUSION
D | .985] .995 | 25.02|25.27 IS .254mm/ .010 INCH.

D1} .950] .958 | 24.13]24.35| 2 3. CONTROLLING DIMENSION: INCH
e |.050 BASIC [ 1.27 BASIC

N 68 68

S

.618| .628]15.70({15.95

PACKAGE NUMBER: __ 7Z312-1 |REV.. B
JEDEC NU&ER: NONE
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Package Number 324 - 28-Lead Plastic SSOP

° B

GAUGE =
PLANE A \

HHHHHHHIHHHHHHFL J_

U (b)L

_SECTION A-A

INDEX AREA
(0/2 x €1/2)

SEATING
PLANE A

L —

—— L]

DETAIL "A”

SEE DETAIL "A"
N es NOTES:
INCHES MILLIMETERS INCHES MILUMETERS g
oM MIN. MAX. | MIN. | MAX. z o MIN. MAX. | MIN. | MAX. E 1. DIMENSIONING AND TOLERANCING géggé@ B\:L%';’%SS(%:I nglyL I:‘(?I;‘E
A -~ .079] -~ {200 PER aNSI ¥14.5-1982 THAN 003 INCH AT LEAST
A1l .002] —— o005 -~ 2. D AND E1 DIMENSIONS DO MATERIAL CONDITION.
w2 | 065 0751 1.65] .85 NOT INCLUDE MOLD FLASH OR 4. DIMENSION L TO BE DETERMINED
: - - : PROTRUSIONS, BUT DO INCLUDE AT SEATING PLANE—DATUM C.
b [ .00} .0151 0.22 {0.38 3.7 MOLD MISMATCH AND ARE 5. N IS THE NUMBER OF
c | .004] .010] 0.0910.25 7 MEASURED AT DATUM PLANE [=H-] TERMINAL POSITIONS.
D | .390] .413] 9.90[10.50] 2 MOLD PARTING LINE,
e T 201 3231 740 | 5.20 oD BTN A o TRUSION 6. A VISUAL INDEX FEATURE MUST
- = - . SHALL NOT EXCEED .008 INCH BE LOCATED WITHIN THE CROSS-
E1] 196 220] 5.00[ 560 [2 BER SIDE. HATCHED AREA.
£ 10256 BASICL 0.65 BASIC 3. DIMENSION b DOES NOT INCLUDE 7. SECTION A=A DIMENSIONS APPLY
L [ .022] .037] 0551 0.95 [4 DAMBAR PROTRUSION/INTRUSION. "TO THE FLAT SECTION OF THE LEAD
L1] .049 REF | 1.25 REF ALLOWABLE DAMBAR PROTRUSION BETWEEN .004 AND .010 INCH
N 28 28 5 SHALL BE .005 INCH TOTAL IN FROM THE LEAD TIP.
e | o g | o | 8 EXCESS OF b DIMENSION AT PACKAGE NUMBER: 72324 [REV. C
T I MAXIMUM MATERIAL CONDITION. JEDEC_NUMBER: MO~ 150
Package Number 329 - 44-Pin PLCC v
A
2 144
monoapooonn
q
: b
g a}
q b
i
PIN 1 _/E h B8 N
IDENTIFIER _9,
q b
q b
g B
Saaacaoaoaioioc s
F
T ¥
---------- K C
ol Eillﬂlﬂlllllllllllﬂlll@
dhe o
3
INCHES MILLIMETERS E; INCHES MILLIMETERS $ m—
oM oM
MIN. MAX. MIN. MAX. 3 MIN. MAX. MIN. MAX. E
2 | 6501 6561165111666 1. LEADS IN TRUE_POSITION WITHIN
0.01" (0.25mm) R @ MMC
8 [ .650] .656]16.51]16.66 AT SEATING PLANE.
c | —— | .180] —— | 457
- - 2. PIN NUMBERS SHOWN FOR
D 1.0141.022} 0.361 0.56 REFERENCE ONLY. NUMBERS MAY
E | .600] .620]15.24[15.75 NOT BE MARKED ON PACKAGE.
F | 024] .032] 061] 0.8t
G | .050 BAsIC| 1.27 BASIC
K | .020] == | 051 ——
M | .685] 695(17.40[17.65
N [ 685] .695[17.40[17.65
P | .100] .110] 2.54] 2.79
PACKAGE NUMBER: 27329 [REV.. A
JEDEC_NUMBER. ___NONE
- MBER,

Burr-Brown IC Data Book—Mixed Signal Products
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Package Number 334-1 - 20-Lead SSOP

@)

iRnasARann

___1:_-__

_T'

E1

G

SEEELEL

5
L
L

DETAIL "A"

C.24

Burr-Brown IC Data Book—Mixed Signal Products

T o =)
\\
bA—“—‘ Al
SEE DETAIL "A"
N - N .
oM INCHES MILLIMETERS g o INCHES MILLIMETERS g NOTES:
MIN. MAX . MIN. MAX. MIN, MAX. MIN. MAX.
Al -- | .079] —-]2.00
A1l 002 —= | oo0s] —-
A2] .065] .073] 1.65] 1.85
b | .009] .015] 0.22] 0.38
c | .00a] 010] 0.00] 0.25
D | .272] .295] 6.90] 7.50
£ | 291] .323] 7.40] 8.20
E1] .196{ .220] 5.00] 5.60
e |.0256 BASIC | 0.65_BASIC
L |.018] .037] 0.45] 0.95
L1].047] .055] 1.20] 1.40
N 20 20
6|l o | 8] o & PACKAGE NUMBER: Z7334-1 |REV.: A
] I JEDEC_NUMBER: ___NONE
Package Number 338 - 24-Lead SSOP, .209 Wide
o 2 NX R R1
Y GAUGE
ERARRRARRRRA e ‘I it
SEATING
PLANE LA T
: (o710l -+ L WITH LEAD
Ee-| - L1 { FINISH
S - <
_l DETAIL "A" T—
WETAL ’l<")l"
SECTION A-A
\
=-° SEE DETAIL "A" —
B .ooe Mc[AB[BE)
4| NoTES:
o |_heres MILLIMETERS fg o |_NerEs MILUMETERS | § E: DAMBAR INTRUSION SHALL NOT
MIN._ ] MAX. | MN. | MAX. M. | MAX. ] MIN._| MAX. . DIMENSIONING AND TOLERANCING REDUCE DIMENSION b_BY MORE
Al = | 079] —= [2.00 PER ANSI Y14.5M—1982. THAN 003 INCH (0.07mm) AT
AV 002] —= | 0.05] —— 2. D AND E1 DIMENSIONS DO LEAST MATERIAL CONDITION.
A2 | 065 .073] 1.65 1.85 NOT INCLUDE MOLD FLASH OR 4. DIMENSION L TO BE DETERMINED
5 008 0151 0221038 B7 PROTRUSIONS, BUT DO INCLUDE AT SEATING PLANE-DATUM
< T o0 010 00910257 MOLD MISMATCH AND ARE 5. N IS THE NUMBER OF TERMINAL
S s oo gec T2 MEASURED AT DATUM PLANE POSITIONS.
e - - - MOLD PARTING LINE. 6. A VISUAL INDEX FEATURE MUST
291 323] 7.40]8.20 MOLD FLASH OR PROTRUSION BE LOCATED WiTHIN, THE
E11.197 | .220] 5.00]5.60 |2 SHALL NOT EXCEED .008 INCH CROSSHATCHED AREA
© (10256 BASIC| 0.65 BASIC (0.20mm) PER SIDE. -
3. DIMENSION b DOES NOT INCLUDE 7. SECTION A-A DIMENSIONS APPLY
L [.022] .057] 0.55] 0.95 |4 DAMBAR PROTRUSION,/INTRUSION. TO THE FLAT SECTION OF THE LEAD
Li|.049 REF| 1.25 REF ALLOWABLE DAMBAR PROTRUSION BETWEEN ..004 AND .010 INCH
N 74 24 5 SHALL BE .005 INCH (0.13mm) FROM THE LEAD TIP.
ST 5] o1& TOTAL IN EXCESS OF b DIMENSION PACKAGE NUMBER: 77338 [REV2_A
Ri] 004 —— ] 009] —— AT _MAXIMUM MATERIAL CONDITION. JEDEC_NUMBER: ___MO—150-AG




Or, Call Customer Service at 1-800-548-6132 (USA Only)

Package Number 800 — 28-Pin Plastic, DIP

L
A

1 14

i -
TR
D*»]Lf f—lel-- Lm K

Seating
Plane

It
O O | &

INCHES

MILLI

METERS

DIM

MIN

[ MAX

MIN

| MAX

>

[ 1441

[ 3660

=z

1.402

TYPICAL

35.6 TYPICAL

[ 2%

[ 145

.528 TYPICAL

13.4 TYPICAL

224

1570

.016

017

0.42

| 044

.047 BASIC

1.20 TYPICAL

.080

110

229

279

.008

015

0.20

0.38

100

2.54

.600 BASIC

15.24 BASIC

0°

15°

0°

[ 15°

z|e |r|x|~|o|n|olo|m|wm

020

0.51

| —

Package Number 801 — 28-Pin Plastic DIP

P i
A A
D»h-— A—IGL— "otk

'—Seating
Plane

INCHES

H

MIN

MAX

MILLIMETERS

MIN

MAX

1417

1.449

36.00

36.80

516

.539

13.10

13.70

.224

5.70

015

023

100 TYPICAL

0.38

0.58

2.54 TYPICAL

.006

014

0.15

[ 035

.098

250

.600 TYPICAL

15.24

TYPICAL

.020

0.50

.224

570

R |o|Zz|r (x|~ o |o|o|o|x»(o

0°

15°

0°

15°

Package Number 804 — 28-Pin Plastic SOIC

D
28 15'
Qnaoonanaoannna

el

o)
gooouoooorrna
1 14

INCHES

MILLIMETERS

DIM

MIN

MAX

MIN

MAX

093

104

231

239

Al

.050

BASIC

1.045

BASIC

.050 BASIC

1.045

BASIC

.0095

012

0.35

0.48

697

712

17.81

18.06

292

.299

7.42

7.62

.050

BASIC

1.27 BASIC

016 | .050

0.23

0.32

r|Z|e |mio|o| &

.398

414

10.11

10.51

n PACKAGE DRAWINGS (Mechanicals)
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Package Drawing 805 — 28-Pin Plastic SOIC

INCHES MILLIMETERS
D ’ DIM | MIN | MAX | MIN | MAX

15 — | 418 [ — | 300
gnonnaonaanonn
" O

8

096 | 108 | 245 | 2.75
012 | 020 | 030 | 0.50
709 | 732 | 18.00 | 18.60 |
323 | 339 | 820 | 860
.050 TYPICAL | 1.27 TYPICAL
.039 BASIC 1.00 BASIC
449 | 480 | 11.40 | 12.20
.000 | 008 | 0.00 | 0.20
0° 10° 0° 10°

-AI:O N = n
e

pUouooooroouh
14

R |z|r|x|e [m|o|o|Z|>

Package Number 904 — 28-Pin Ceramic DIP

At

i e

- .
L— ——1 L—G ——H<—D Seating Plane \‘/

INCHES | MILLIMETERS |  NOTE: Leads in true
A DIM | MIN | MAX | MIN | MAX position within 0.01”
1 A | 1360 | 1.470| 3454| 3734 |  (0-25mm) Rat MMC
' B | 500 |.590 |1270]14.99 at seating plane. Pin
[ANANANANANAN
28 Mh{ﬁ_{; C 169 200 & 5.08 numbers are shown
D 015 | .021 | 038 | 053 for reference only.
F_| 030 |.070 [076 | 178 Numbers may not be
D) B G .100BASIC | 2.54 BASIC marked on package.
. H | 030 [.095 076 [241
L J_ | .007 |.015 [048 [0.38
! 4] K| 100 |.150 | 254 381
W/ HH\HLW P AYAYAYAYAYAYAYAY L 600 BASIC | 1524 BASIC
Denotes Pin 1 ’ M 0° [ 15° | 0° [ 15°
N 020 [.090 o051 [229
F—V L
]

/
[

Package Number 905 — 28-Pin Plastic, Dual-Wide DIP

INCHES | MILLIMETERS |  NOTE: Leads in true
DIM | MIN |MAX | MIN [mAx position within 0.01”
i A | A | 1.350 [1470] 3429 | o704 |  (0-25mm) RatMMC
k l B | 52 |67 (1821|1461 | atseatingplane. Pin
AN C 169 | 224 | 429 | 569 numbers are shown
28 15 D 015 | 023 WW“ for reference only.
F 043 1065 11.00 1165 Numbers may not be
D B G 100BASIC | 254 BASIC marked on package.
H | 030 [.090 [076 [229
j J | .008 |.015 [020 |038
ey : 14 4 K| .00 [.150 | 254 381
[YAVAVEVEVEVEVEVEVEVEVEVEVEY] L 600 BASIC | 15.24 BASIC
- Denotes Pin 1 M 0° 18 | 00 | 15°
N 015_[.040 038 [1.02

il

Il
L
.

[

HJ Lod e Laﬁngp,ane

BURR - BROWN®
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Package Number 906
TOP VIEW
INCHES | MILLIMETERS | NOTE: Leads in true
DIM | MIN | MAX | MIN | MaX position within 0.01"
L A_| 945 | 965 | 24003 [24511 | (0-25mm) R at MMC
‘ . B | 945 | 065 | 24.003 |24511 | atseating plane. Pin
- C | 076 | 094 | 1934 | 2388 | numbers shown for
f D | 841 | 859 | 21.361 21819 | reference only.
E | 841 | 859 | 21.361[21819| TERMINATION:
F | 755 | 785 | 19.177[19.939 | Gold plated nickel on
JH G .755 | 785 |19.177 119.939 refractory metalliza-
& H 800 BASIC | 20.320BASIC | tion.
= J 027 | 033 | 686 | .838 CASE: Ceramic with
} K 045BASIC | 1.143BASIC | gold plated nickel lid.
S L 050 BASIC | 1.270BASIC | HERMETICITY:
| Gross leak test.
— K WEIGHT: 4.37 grms
(0.124 oz)
Package Number 907
INCHES MILLIMETERS NOTE: Leads in true
TOP VIEW Bottom VIEW DIM | MIN | MAX | MIN | MAX position within 0.01"
A | 1087 | 1109 | 27.610| 28169 | (0.25mm) R at MMC
. A | [®) &) 65) &) 62) B_|1.087 | 1109 | 27.610] 28.169 | atseating plane. Pin
numbers shown for
I @ IO g (1)22 }gg jﬂg gg;g reference only.
0)O) 4 K 11 1397 Numbers may not be
E [ .045 | 055 | 1.143 | 1.39
0J0] F_|.045 | 055 | 1.143 | 1.897 | marked on package.
®® G | .06 | 020 | 406 [ 508 | TERMINATION:
B ® H 100 BASIC | 2.540 BASIC Gold plated
KOVAR
J 100 BASIC | 2.540 BASIC -
@ CASE: Ceramic with
@ ® gold plated nickel lid.
- ©® 00 | Gross loak esr.
| PO @@ WEIGHT: 9 grms
53 - ®@@@®@®-7 (0.32 02)
- 1? 1f f e
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Burr-Brown International
Sales Offices and Distributors

BURR-BROWN CORPORATION
International Sales

PO Box 11400

Tucson, AZ 85734

Telephone (1) 520-746-1111
Fax (1) 520-741-3895
Telex 066-6491 BURRBROWN ATU

AUSTRALIA
Kenelec Pty. Ltd.
Victoria (61) 3 9878 2700

AUSTRIA
ECD Handelsgesellschaft m.b.H.
Wien (43) 1 694517-0

BELGUIM
Burr-Brown International B.V.
's-Hertogenbosch (31) 73 6121600

SEIl/Rodelco N.V.
Wemmel (32) 2 4600560

BRAZIL

Aplicacoes Electronicas
Artimar Ltda.

Sao Paulo (55) 11 231-0277

BULGARIA
K2 Electronic GmbH
Sofia (359) 28 15 455

CANADA
Dynasty Components
Kanata, Ontario 613-599-5570

CHILE
Coasin Instrumentacion y Controles
Santiago (56) 205 1313

CHINA

Jetronic Technology Ltd.
Beijing (86) 10 494 0620
Shanghai (86) 21 64871925

CZECHIA

Omekron Electronic

Prague (42)24 76 24 56

S.0.S. Electronic spol. s.r.0.
Brno-Vinohrady (42) 5-44 21 62 02

DENMARK
Ditz Schweitzer
Copenhagen N (45) 3586 9090

FINLAND
Bexab Finland Oy
Espoo (358) 061352690

FRANCE
Burr-Brown International S.A.
Le Chesnay (33) 39238282

Farnell Electronics Services
Venissieux (33) 7278 18 70
St. Aubin (33) 1 69 85 83 00

Radiospares Composants
Beauvais (33) 44 10 1515

GERMANY

Burr-Brown Int. GmbH
Filderstadt (49) 71177040
Bremen (49) 421 25 39 31
Bonn (49) 2225 91 56 10
Erlangen (49) 9131 2 40 36
Frankfurt (49) 6154 8 20 81
Miinchen (49) 89 615 66 21

Rutronik GmbH
Ispringen (49) 7231 801-0

GREECE
Peter Caritato and Assoc. S.A.
Athens (30) 19020 115

HONG KONG
Jetronic Technology Ltd.
Kowloon (852) 2763-6806

HUNGARY
Siex Elektronikelemente
Zirdorf, Germany (49) 911 6070 14

INDIA
Oriole Electronics Pvt. Ltd.
Bombay (91) 022 511 9940

ISRAEL
Gallium Electronics (1986) Ltd.
Ra'anana (972) 9 982182

ITALY
Burr-Brown Int. S.r.l.
Milan (02) 5801 05 04

Consystem S.r.|

Cusano Milanino (02) 66400153 R.A.

Roma (06) 50930335 R.A.

JAPAN

Burr-Brown Japan Ltd.

Atsugi (81) 04 6248 4695

Osaka (81) 06 3053287

Nagoya (81) 052 775 6761
Kanagawa-Pre. (81) 045 476 7885

MALAYSIA
Serial System Pte. Ltd.
Singapore (60) 4 656 2762

MEXICO
Insight Electronics
Guadalajara (52) 3 678 9242

NETHERLANDS
Burr-Brown International B.V.
's-Hertogenbosch (31) 73 6121600

SEl/Rodelco B.V.
Breda (31) 76 57 22 700

NEW ZEALAND
Enertec Services Ltd.
Auckland (64) 9 479-2377

NORWAY
ACTE NC Norway
Skedsmokorset (47) 63898900

POLAND
Uniprod
Gliwice (48) 32 37 64 59

PORTUGAL
Ibertronics, LDA
Amadora (34) 1542504

PUERTO RICO

Marathon Technical Assoc.
Mayaguez (809) 831-4050
Cooper City, FL (305) 450-8211

ROMANIA
Syscom
Bucharest (40) 1212 22 20

RUSSIA
ITC
Novosibirsk (7) 38 32 10 07 87

Compel Ltd.
Moscow (7) 095 921 43 77

Microcom Ltd.
St. Petersburg (7) 812 110 12 12

SINGAPORE
Serial System Pte. Ltd.
Singapore (65) 280-0200

SLOVAKIA
S.0.S Electronic spol. s.r.l.
Kosice (42) 95 63 39 860

SLOVENIA
IR Electronic
Ljubljana (38) 661 222 007

SOUTH AFRICA
Avnet Kopp (Pty) Ltd.
Rivonia (27) 011 444-2333

SOUTH KOREA
KML Corporation
Seoul (82) 02 595-9101/6

SPAIN
Unitronics, S.A.
Madrid (34) 1 5425204

SWEDEN
Bexab Sweden AB
Taby (46) 8 630 8800

SWITZERLAND
Burr-Brown AG

Zirich (41) 14391020
Condatas AG

Schlieren (41) 730 3353

TAIWAN
New Mercury Industrial Corp.
Taipei (886) 02 777-3958

TURKEY

Inter Mithendislik
Danismanlik ve Ticaret A.S.
Istanbul (90) 216 349 9400

UKRAINE
Kvazar Micro Techno
Kiev (380) 44 55 86 909

UNITED KINGDOM

Burr-Brown Int. Ltd.

Watford (44) 1923 233837

Abacus Polar PLC

Leighton Buzzard (44) 1525 858000

VENEZUELA
Autotrol Tecnologia C.A./Coasin
Caracas (58) 2 241-6214



Burr-Brown North American

Sales Offices and Sales Representatives

BURR-BROWN CORPORATION
PO Box 11400

Tucson, AZ 85734

Telephone: 520-746-1111

Fast Product Info:
800-548-6132

Fax: 520-741-3895

ALABAMA
Rep, Inc.
205-881-9270 Huntsville, AL

ALASKA

Wilson Electronics Sales Team
206-946-8016 Federal Way; WA
ARIZONA

Summit Sales

602-998-4850 Scottsdale, AZ
ARKANSAS

BP Sales

972-234-8438 Richardson, TX

CALIFORNIA

Burr-Brown Corporation
408-982-8900 Santa Clara, CA
818-991-8544 Agoura Hills, CA

RSVP Associates Inc.
408-467-1200 San Jose, CA

Quest-Rep Inc.

619-622-5040 San Diego, CA
COLORADO

Sales Technology, Inc.
970-530-9409 Fort Collins, CO

CONNECTICUT

Burr-Brown Corporation
617-229-0300 Burlington, MA
DELAWARE

Delta Technical Sales
215-957-0600 Hatboro, PA

FLORIDA

Marathon Technical Assoc.
954-785-0072 Pompano, FL
813-725-3199 Clearwater, FL
407-872-5775 Orlando, FL
305-450-8211 Cooper City, FL
GEORGIA

Rep, Inc.

770-938-4358 Tucker, GA
HAWAII

Burr-Brown Corporation
818-991-8544 Agoura Hills, CA
IDAHO

Wilson Electronics Sales Team
206-946-8016 Federal Way, WA
ILLINOIS

Sumer, Inc.

708-991-8500

Rolling Meadows, IL

Hitec Central, Inc.
314-291-5920 Bridgeton, MO
Rep Associates Corporation
319-373-0152 Cedar Rapids, 1A

INDIANA
LM Devoe Co.
317-842-3245 Indianapolis, IN

IOWA

Rep Associates Corporation
319-373-0152 Cedar Rapids, IA
KANSAS

Hitec Central, Inc.
816-796-6684 Independence, MO
KENTUCKY

LM Devoe Co.

317-842-3245 Indianapolis, IN
LOUISIANA

BP Sales

972-234-8438 Richardson, TX
713-782-4144 Houston, TX
MAINE

Burr-Brown Corporation
617-229-0300 Burlington, MA
MARYLAND

Beacon North

410-381-4309 Columbia, MD
MASSACHUSETTS
Burr-Brown Corporation
617-229-0300 Burlington, MA
MICHIGAN

A.P. Associates

810-229-6550 Brighton, Mi
MINNESOTA

Electronic Sales Agency, Inc.
612-884-8291 Bloomington, MN
MISSISSIPPI

Rep, Inc.

205-881-9270 Huntsville, AL
MISSOURI

Hitec Central, Inc.
314-291-5920 Bridgeton, MO
816-796-6684 Independence, MO
MONTANA

Front Range Marketing
801-288-2500 Murray, UT
NEBRASKA

Hitec Central, Inc.
816-796-6684 Independence, MO
NEVADA

RSVP Associates Inc.
408-467-1200 San Jose, CA
Summit Sales

602-998-4850 Scottsdale, AZ
NEW HAMPSHIRE

Burr-Brown Corporation
617-229-0300 Burlington, MA
NEW JERSEY '
J-Square Marketing
516-935-3200 Hicksville, NY
Delta Technical Sales
215-957-0600 Hatboro, PA

NEW MEXICO
Summit Sales
602-998-4850 Scottsdale, AZ

NEW YORK (METRO AREA)
J-Square Marketing
516-935-3200 Hicksville, NY
NEW YORK (UPSTATE)

Elcom Sales Inc.

716-385-1400 Pittsford, NY
315-685-8967 Syracuse, NY
NORTH CAROLINA

REP, Inc.

919-469-9997 Morrisville, NC
704-521-9982 Charlotte, NC
NORTH DAKOTA

Electronic Sales Agency, Inc.
612-884-8291 Bloomington, MN
OHIO

Versatron Inc.

216-944-0082 Willoughby Hills, OH
OKLAHOMA

BP Sales

972-234-8438 Richardson, TX
OREGON

Wilson Electronics Sales Team
206-946-8016 Federal Way, WA
PENNSYLVANIA

Delta Technical Sales
215-957-0600 Hatboro, PA
Versatron Inc.

216-944-0082 Willoughby Hills, OH

RHODE ISLAND

Burr-Brown Corporation
617-229-0300 Burlington, MA
SOUTH CAROLINA

REP, Inc.

704-521-9982 Charlotte, SC

SOUTH DAKOTA

Electronic Sales Agency, Inc.
612-884-8291 Bloomington, MN
TENNESSEE

Rep, Inc.

423-475-4105 Jefferson City, TN
205-881-9270 Huntsville, AL

TEXAS

BP Sales

972-234-8438 Richardson, TX
512-346-9186 Austin, TX
713-782-4144 Houston, TX
UTAH

Front Range Marketing
801-288-2500 Murray, UT
VERMONT

Burr-Brown Corporation -
617-229-0300 Burlington, MA
VIRGINIA

Beacon North

410-381-4309 Columbia, MD

WASHINGTON
Wilson Electronics Sales Team
206-946-8016 Federal Way, WA

WASHINGTON, D.C. .

Beacon North

410-381-4309 Columbia, MD
WEST VIRGINIA

Versatron Inc.

216-944-0082 Willoughby Hills, OH

WISCONSIN

Sumer, Inc.

414-784-6641 Brookfield, WI.
Electronic Sales Agency, Inc.
612-884-8291 Bloomington, MN

WYOMING
Front Range Marketing
801-288-2500 Murray, UT

CANADA

Dynasty Components
613-599-5570 Kanata, Ontario
604-657-4433 Vancouver, B.C.
403-560-1212 Calgary, Alberta
905-672-5977 Toronto, Ontario
514-843-1879 Montreal, Quebec



Burr-Brown North American
Distributor Sales Offices

ALABAMA
Insight Electronics
205-830-1222 Huntsville, AL

Sager Electronics
404-446-0085 Norcross, GA

ARIZONA

Insight Electronics
602-829-1800 Tempe, AZ
J.I.T. Supply

602-545-4800 Chandler, AZ

ARKANSAS

Insight Electronics
972-783-0800 Richardson, TX
Sager Electronics
972-783-1133 Richardson, TX

CALIFORNIA

Insight Electronics
408-720-9222 Sunnyvale, CA
818-707-2101 Westlake Village, CA
714-727-3291 Irvine, CA
619-587-1100 San Diego, CA
800-677-7716

J.I.T. Supply
800-246-9000 Brea, CA

COLORADO
Insight Electronics
303-649-1800 Englewood, CO

CONNETICUT
Sager Electronics
203-265-4600 Wallingford, CT

800-SAGER800

FLORIDA

Insight Electronics
813-524-8850 Clearwater, FL
407-997-2540 Boca Raton, FL
407-834-6310 Altamonte Springs

Sager Electronics
800-526-2065 Orlando, FL

GEORGIA
Insight Electronics
770-717-8566 Duluth, GA

Sager Electronics
770-446-0085 Norcross, GA

IDAHO
Insight Electronics
206-820-8100 Kirkland, WA

ILLINOIS

Insight Electronics
847-885-9700 Schaumburg, IL
314-822-0801 St. Louis, MO
Sager Electronics
847-882-9790 Schaumburg, IL

INDIANA

Insight Electronics
219-436-3379 Ft. Wayne, IN
Sager Electronics
513-898-5555 Dayton, OH

IOWA
Insight Electronics
612-525-9999 St. Louis Park, MN

KANSAS

Insight Electronics
913-492-0408 Lenexa, KS
LOUISIANA

Insight Electronics
972-783-0800 Richardson, TX
Sager Electronics
972-783-1133 Richardson, TX

MAINE
Insight Electronics
617-270-9400 Burlington, MA

Sager Electronics
508-475-5885 Andover, MA

MARYLAND
Insight Electronics
410-381-3131 Columbia, MD

Sager Electronics
410-995-4900 Columbia, MD

MASSACHUSETTS

Insight Electronics
617-270-9400 Burlington, MA
Sager Electronics
508-475-5885 Andover, MA
617-749-6700 Hingham, MA

MICHIGAN

Insight Electronics
616-429-1410 Stevensville, MI
810-229-7710 Brighton, MI

MINNESOTA
Insight Electronics
612-525-9999 St. Louis Park, MN

MISSISSIPPL
Insight Electronics
205-830-1222 Huntsville, AL

Sager Electronics
404-446-0085 Norcross, GA

MISSOURI

Insight Electronics
314-827-0801 St. Louis, MO
913-492-0408 Lenexa, KS
MONTANA

Insight Electronics
206-820-8100 Kirkland, WA
NEBRASKA

Insight Electronics
913-492-0408 Lenexa, KS

NEW HAMPSHIRE

Insight Electronics
617-270-9400 Burlington, MA
Sager Electronics
603-898-1348 Salem, NH

NEVADA

Insight Electronics
408-720-9222 Sunnyvale, CA
619-587-1100 San Diego, CA

J.I.T. Supply
714-256-9100 Brea, CA

NEW JERSEY
Insight Electronics
201-316-6040 Mountain Lakes, NJ

Sager Electronics
516-348-1300 Hauppauge, NY

NEW MEXICO
Insight Electronics
602-829-1800 Tempe, AZ

NEW YORK (Metro Area)
Insight Electronics
516-244-1640 Bohemia, NY

Sager Electronics
516-348-1300 Hauppauge, NY

NEW YORK (Upstate)
Sager Electronics
800-SAGERB800 Rochester, NY

NORTH CAROLINA
Insight Electronics
919-873-9927 Raleigh, NC

Sager Electronics
919-850-9550 Raleigh, NC

OHIO

Insight Electronics
216-520-4333 Valley View, OH
513-898-5349 Vandalia, OH

Sager Electronics
513-898-5555 Dayton, OH
216-831-4738 Beachwood, OH

OKLAHOMA
Insight Electronics
972-783-0800 Richardson, TX

Sager Electronics
972-783-1133 Richardson, TX

OREGON
Insight Electronics
503-626-3031 Beaverton, OR

PENNSYLVANIA

Insight Electronics

609-985-5556 Marlton, NJ
412-729-0060 Cranberry Township, PA
Sager Electronics

215-750-7778 Langhorne, PA
412-968-0601 Pittsburgh, PA

RHODE ISLAND

Insight Electronics
617-270-9400 Burlington, MA
Sager Electronics
508-475-5885 Andover, MA

SOUTH CAROLINA
Insight Electronics
704-549-9750 Charlotte, SC

Sager Electronics
919-850-9550 Raleigh, NC

TENNESSEE

Sager Electronics
919-850-9550 Raleigh, NC
404-446-0085 Norcross, GA

TEXAS

Insight Electronics
512-719-3090 Austin, TX
972-783-0800 Richardson, TX
713-260-9614 Houston, TX

Sager Electronics
214-783-1133 Richardson, TX
713-578-3045 Houston, TX

UTAH
Insight Electronics
800-677-7716 Salt Lake City, UT

WASHINGTON
Insight Electronics
206-820-8100 Kirkland, WA

WISCONSIN
Insight Electronics
414-258-5338 Wauwatosa, WI

Sager Electronics
847-882-9790 Schaumburg, IL

WYOMING
Insight Electronics
206-820-8100 Kirkland, WA

CANADA

SEMAD

604-451-3444 Burnaby, B.C.
403-275-4118 Calgary, Alberta
905-475-3922 Markham, Ontario
514-694-0860 Pointe Claire, Quebec
613-526-4866 Ottawa, Ontario

Insight Electronics
416-622-7006 Etobicoke, Ontario
514-421-7373 Dorval, Quebec
613-233-1799 Ottawa, Ontario
604-270-3232 Richmond, B.C.
403-250-8822 Calgary, Alberta






Linear Products

Also available—
Linear Products

Burr-Brown Corporation

Street Address:
6730 S. Tucson Blvd.
Tucson, AZ 85706-1400

Mailing Address:
P.0. Box 11400
Tucson, AZ 85734-1400

Telephone: (520) 746-1111

Worldwide Fax: (520) 889-1510

BB FAXL/NE (800) 548-6133 (USA/Canada only)
http://www.burr-brown.com/

For immediate product information,
or technical assistance, call
(800) 548-6132 (USA/Canada only)
BURR - BROWN®
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