0 [0 3310-KSO 0O O

- 4 yir J J4 74
N 4 A Wy /7
Yy JI17F 4 B Nl]l 4

Semiconductor Corporation

gogoogopcBOODOODO2400

- -

CS3310

Stereo Digital Volume Control

Features

@ Complete Digital Volume Control
2 Independent Channels
Serial Control
0.5 dB Step Size

® Wide Adjustable Range
-95.5 dB Attenuation
+31.5 dB Gain

® Low Distortion & Noise
0.001% THD+N
116 dB Dynamic Range

® Noise Free Level Transitions

General Description

The CS3310 is a complete stereo digital volume control
designed specifically for audio systems. It features a
16-bit serial interface that controls two independent, low
distortion audio channels.

The CS3310 includes an array of well-matched resistors
and a low noise active output stage that is capable of
driving a 600 Q load. A total adjustable range of 127 dB,
in 0.5 dB steps, is achieved through 95.5 dB of attenu-
ation and 31.5 dB of gain.

The simple 3-wire interface provides daisy-chaining of
multiple CS3310’s for multi-channel audio systems.

The device operates from 5V supplies and has an in-
putioutput voltage range of £3.75V.

ORDERING INFORMATION:
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ANALOG CHARACTERISTICS
(Ta = 25 °C, VA+, VD+ = 5V + 5%; VA- = -5V + 5%; RL = 2kQ ; CL = 20 pF;
10 Hz to 20 kHz Measurement Bandwidth ; unless otherwise specified)

Parameter . I Symbol I Min ] Typ [ Max - | Units
DC Characteristics
Step Size ‘ ' - 05 . dB
Gain Error (31.5 dB Gain) - +0.05 - . dB
Gain Matching Between Channels - 10.05 s dB
Input Resistance RIN - 10 - kQ
Input Capacitance CIN - 10 - pF
AC Characteristics
Total Harmonic Distortion plus Noise THD+N - 0.001 .0025 %
(Vin = 2Vrms, 1 kH2) ' .
Dynamic Range 110 116 - dB
Input/Output Voltage Range (VA-)+1.25| - (VA+)-125]" V
Output Noise . (Note 1) - 4.2 8.4 uVrms
Digital Feedthrough (Peak Component) -80 - - dB
Interchannel Isolation (1kHz) -100 -110 - dB
Output Buffer
Offset Voltage (Note 1)| Vos - 0.25 0.75 mV
Load Capacitance - - 100 pF
Short Circuit Current - 20 - mA
Unity Gain Bandwidth, Small Signal (Note 2) 2 - - MHz
Power Supplies v
Supply Current (No Load, AIN = 0V) 1A+ - 5.0 - 8.0 mA
1A- - 5.0 8.0 mA
1D+ - 350 800 LA
Power Consumption Pp - 52.0 84.0° mwW
Power Supply Rejection Ratio (250 Hz) PSRR | - 80 - dB

NOTE: 1. Measured with input grounded and Gain = 1. Will increase as a function of Gain settings >1.
2. This parameter is guaranteed by design and/or characterization.
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DIGITAL CHARACTERISTICS
(TA =25 °C, VA+ , VD4 = 5V + 5%, VA- = -5V £ 5% )

CS3310
PR S S———— S e

Parameter Symbol Min Typ Max Units
High-Level Input Voltage VIH 2.0 - VD+0.3 \
Low-Level Input Voltage VIL -0.3 - +0.8 \
High-Level Output Voltage (Io = 200nA) VoH VD-1.0 - - \
Low-Level Output Voltage (lp = 3.2mA) VoL - - 0.4 \'
Input Leakage Current lin - 1.0 10 nA
SWITCHING CHARACTERISTICS
(TA = 25 °C; VA+, VD+ = +5V + 5%; VA- = -5V + 5%; CL = 20 pF)
Parameter Symbol Min Typ Max Units
Serial Clock SCLK 0 - 4.2 MHz
Serial Clock Pulse Width High tph 80 - - ns
Pulse Width Low tpl 80 - - ns
MUTE Pulse Width Low - 2.0 - - ms
Input Timing
SDATAI Set Up Time tspvs 20 - - ns
SDATAI Hold Time tSDH 20 - - ns
CS Valid to SCLK Rising tcsvs 30 - - ns
SCLK Falling to CS High tLTH 35 - - ns
Output Timing
CS Low to Output Active tcsH - - 35 ns
SCLK Falling to Data Valid tSSD - - 60 ns
CS High to SDATAO Inactive tCSDH - - 100 ns
= ‘F—
—sltceys  *ltgp et u
o T
- |__tspn |
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— tcsH tssp ]‘ o |
Figure 1. Serial Port Timing Diagram
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RECOMMENDED OPERATING CONDITIONS
{DGND = 0V; all voltages with respect to ground)

Parameter Symbol Min Typ Max Units
DC Power Supplies:
Positive Digital : ' VD+ 475 | 50 VA+ | .V
Positive Analog VA+ 4.75 5.0 5.25 v
Negative Analog VA- -475 | 50 | 525 v
Ambient Operating Temperature: TaA 0 25 70 | °C

ABSOLUTE' MAXIMUM RATINGS (AGND, DGND = 0V, all voltages with respect to ground.)

Parameter Symbol Min Max Units
DC Power Supplies: S '
Positive Digital v VD+ -0.3 (VA+)+ 0.3 \
Positive Analog VA+ -0.3 6.0 Vv
Negative Analog . VA- 0.3 -6.0 v
Input Current, Any Pin Except Supply lin - +10 mA
Digital Input Voltage VIND 0.3 (VA+) + 0.3 v
Ambient Operating Temperature (power applied) TA -55 +125 °C
Storage Temperature TsTG -65 +150 - °C
100 : '
* *—o—W\ . o +— +5V ANALOG
qu*—_# Ll—m w1 s 2] o1y g—L L tour |
- = ZCEN VD+ VA+ g
0.1 pF
2| — 13
cs VA- 4 -5V ANALOG
3 _ 0.1 uF — 10 uF e
* SDATAI g $
CONTROLLER 6
* sCLK
7 TO ANOTHER CS3310
8. MUTE CS3310  spatao *|  OR CONTROLLER
rh 1
AINL 14
AUDIO AOUTL [ —*
SOURCE o 14 AUDIO OUTPUTS
> AINR AOUTR —
DGND AGNDL AGNDR
E s o il 4
Figure 2. Recommended Connection Diagram
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GENERAL DESCRIPTION

The CS3310 is a stereo, digital volume control
designed for audio systems. The levels of the left
and right analog input channels are set by a 16-
bit serial data word; the first 8 bits address the
right channel and the remaining 8 bits address
the left channel. Resistor values are decoded to
0.5 dB resolution by an internal multiplexer for a
total attenuation range of -95.5 dB. An output
amplifier stage provides a programmable gain of
up to 31.5 dB in 0.5 dB steps. This results in an
overall 8-bit adjustable range of 127 dB.

The CS3310 operates from +5V supplies and ac-
cepts inputs up to £3.75V. Once in operation, the
CS3310 can be brought to a muted state with the
mute pin, MUTE, or by writing all zeros to the
volume control registers. The device contains a
simple three wire serial interface which accepts
16-bit data. This interface also supports daisy-
chaining capability.

SYSTEM DESIGN

Very few external components are required to
support the CS3310. Normal power supply de-
coupling components are all that is required, as
shown in Figure 2.

=]

CS3310

Serial Data Interface

The CS3310 has a simple, three wire interface
that consists of three input pins: SDATAI, serial
data input; SCLK, serial data clock and CS, the
chip select input. SDATAO, serial data output,
enables the user to read the current volume set-
ting or provide daisy-chaining of multiple
C83310s. ‘ :

The 16-bit serial data is formatted MSB first and
clocked into SDATAI by the rising edge of
SCLK with CS low as shown in Figure 3. The
data is latched by the rising edge of CS and the
analog output levels of both left and right chan-
nels are set. The existing data in the volume
control data register is clocked out SDATAO on
the falling edge of SCLK. This data can be used
to read current gain/attenuation levels or to daisy
chain multiple CS3310’s. See Figure 1 for
proper setup and hold times for CS, SDATA]J,

SCLK, and SDATAO. SCLK and SDATAI

should be active only during volume setting op-
erations to achieve optimum dynamic range

—

sewe TOTTOL T L UL U U UL U LTIT

SDATAI \\\\\\ |R7}H6]R5|R4]R3|R2ER1|H0§L7|L6‘L5[L4~'-31‘-2}'-1“-°|\\\\\\

sDATAO ——— R7| Re| Rs| Ra| Ra| R2| R1 R0 L7 [ L6 ] 15| 14| L8] L2 L1 [Lof}——

LO = Left Channel Least Significant Bit
L7 = Left Channel Most Significant Bit

RO = Right Channel Least Significant Bit
R7 = Right Channel Most Significant Bit

SDATAI is latched internally on the rising edge of SCLK
SDATAO transitions after the falling edge of SCLK
SDATAO bits reflect the data previously loaded into the CS3310

Figure 3. Serial Port Timing

Df refmN A T8
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Daisy-chaining

Digitally controlled, multi-channel audio systems
often result in complex address decoding which
complicates PCB layout. This is greatly simpli-
fied with the daisy-chaining capability of the
CS3310.

In single deviee operation, volume control data
is loaded into the 16-bit shift register by holding
the CS pin low for sixteen SCLK K pulses and
then latched on the rising edge of CS. The pre-
vious contents of the shift-register are shifted
through the register and out SDATAO during the
process.

Multi-channel operation can be implemented as
shown in Figure 4 by connecting the SDATAO
of device #1 to the SDATAI pin of device #2. In
this manner multiple CS3310s can be loaded
from a single serial data line without complex

addressing schemes. Volume control data is

loaded by holding CS low for 16 x N SCLK
pulses, where N is the number of devices in the
chain. The 16 bits clocked into device #1 on
SCLK pulses 1-16 are clocked into device #2 on
SCLK pulses 17-32. The CS3310s are simultane-
ously updated on the rising edge of CS
following 16 x N SCLK pulses.

Changing the Analog Output Level

Care has been taken to ensure that there are no
audible artifacts in the analog output signal dur-
ing volume control changes. The gain/attenuation
changes of the CS3310 occur at zero crossings to
eliminate glitches during level transitions. The
zero crossing for the left channel is the voltage
potential at the AGNDL pin; the voltage poten-
tial at the AGNDR pin defines the r1ght channel
Zero crossing.

A volume control change occurs after chip select
latches the data in the volume control data regis-
ter and two zero crossings are detected. If two
zero crossings are not detected within 100ms of

CS3310
3
SDATAI scLk Controller
o L2
16 cs33t0 €S
Audio AINL
Signal 9 4 AINR .
AOUTL >
AouTR |11 >
SDATAO
7
4k a
SDATAI SCLKFL
16, CS3310 g 2
Audio AINL cs
Signal 9 AINR

AOUTL =

11
sDATAQ  AOUTR [——»

Figure 4. Daisy Chaining Diagram

the change in CS, the new volume setting is im-
plemented. The zero crossing enable pin, ZCEN,
enables or disables the zero crossing detection
function as well as the 100ms timeout circuit.

Input Code Gain or
(Left or Right Channel)| Attenuation (dB)
11111111 +31.5
11111110 +31.0
L[] *
L] L ]
11000000 0
L] L]
00000010 -95.0
00000001 -95.5
00000000 Software Mute

Figure 5. Input Code Definition
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Analog Inputs and Outputs

The maximum input level is limited by the com-

mon-mode voltage capabilities of the internal
op-amp. Signals approaching the analog supply
voltages may be applied to the AIN pins if the
internal attenuator limits the output signal to
within 1.25 volts of the analog supply rails.

The outputs are capable of driving 600 ohm
loads to within 1.25 volts of the analog supply
rails and are short circuit protected to 20 mA.

As with any adjustable gain stage the affects of a
DC offset at the input must be considered. Ca-
pacitively coupling the analog inputs may be
required to prevent "clicks and pops"” which oc-
cur with gain changes if an appreciable offset is
present.

Mute

Muting can be achieved by either hardware or
software control. Hardware muting is accom-
plished via the MUTE input and software muting
by loading all zeroes into the volume control
register.

MUTE disconnects the internal buffer amplifiers
from the output pins and terminates AOUTL and
AOUTR with 10kQ resistors to ground. The
mute is activated with a zero crossing detection
or a 100ms timeout to eliminate any audible
"clicks" or "pops". MUTE also initiates an inter-
nal offset calibration.

A software mute is implemented by loading all
zeroes into the volume control register. The in-
ternal amplifier is set to unity gain with the
amplifier input connected to the maximum at-
tenuation point of the resistive divider, AGND.

A "soft mute" can be accomplished by sequen-
tially ramping down from the current volume

control setting to the maximum attenuation code
of all zeroes.

- Power-Up Considerations

Upon initial application of power, the MUTE pin
of the CS3310 should be set low to initiate a
power-up sequence. This sequence sets the serial
shift register and the volume control register to
zero and performs an offset calibration. The de-
vice should remain muted until the supply
voltages have settled to ensure an accurate cali-
bration.

The offset calibration minimizes internally gen-
erated offsets and ignores offsets applied to the
AIN pins. External clocks are not required for
calibration.

Although the device is tolerant to power supply
variation, the device will enter a hardware mute
state if the power supply voltage drops below
approximately 13.5 volts. A power-up sequence
will be initiated if the power supply voltage re-
turns to greater than 3.5 volts.

Grounding and Power Supply Decoupling

As with any high performance device which
contains both analog and digital circuitry, careful
attention to power supply and grounding ar-
rangements must be observed to optimize
performance. Figure 2 shows the recommended
power arrangements with VA+ connected to a
clean +5 volt supply and VA- connected to a
clean -5 volt supply. VD+ powers the digital in-
terface circuitry and should be powered from
VA+ as shown to minimize latch-up possibilities.
Decoupling capacitors should be located as near
to the CS3310 as possible, see Figure 6.

The printed circuit board layout should have
separate analog and digital regions with individ-
ual ground planes. The CS3310 should straddle
the ground plane break with pins 1-8 residing in

7-17




Cs3310

Analog
Ground

Plane* -

Y

1

¥y

CPU & Digital
Logic

Analog Signals
and Circuits

Figure 6. Recommended 2-Layer PCB Layout

the digital region and pins 9-16 residing in the’

analog region as shown in Figure 6. Care
should be taken to ensure that there is minimal
resistance in the analog ground leads to the de-
vice to prevent any change in the defined
attenuation settings. Extensive use of ground
plane fill on both the analog and digital sections

of the circuit board will yield large reductions in
radiated noise effects. An applications note
"Layout and Design Rules for Data Converters"
is printed in the Application section of the Crys-
tal data book and contains many guidelines for
the optimum layout of mixed signal devices.

A
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AMPL {dBr) vs FREQ (Hz)

0.5

0.0

10 100 ° 1k 10k 100k 2004

Figure 7. Frequency Response
Full scale Input

Figure 7 displays the CS3310 frequency re-
sponse with a 3.75 Vp output.

Figure 8 shows the frequency response with a
.375 Vp output. ‘

AMPL (dBr) vs FREQ (H2)

0.5

0.0

-0.5

10 100 1k 10k 100k 200k}

Figure 8. Frequency Response
-20 dB Input

Figure 9 is the Total Harmonic Distortion +
Noise vs amplitude at 1 kHz. The upper trace is
the THD+N vs amplitude of the CS3310.

THD+N% vs AMPL (Vrms})

.01

B W

b4

0001
0.1 1 3

Figure 9. THD+N vs AMP

The lower trace is the THD+N of the Audio Pre-
cision System One generator output connected
directly to the analyzer input. The System One
panel settings are identical to the previous test.
This indicates that the THD+N contribution of
the Audio Precision actually degrades the meas-
ured performance of the CS3310 below 2.7 Vrms
signal levels.

AMPL {(dBr} vs FREQ (Hz)

o y

-20

-40

-60
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-100
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-140

-160

-180
20.00 2.06k 4.11k 6.15k 8.19k 10.2k 12.3k 14.3k 16.4k 18.4k 20.5k 22.5]

Figure 10. 20 kHz Crosstalk

Figure 10 is a 16k FFT plot demonstrating the
crosstalk performance of the CS3310 at 20 kHz.
Both channels were set to unity gain. The right
channel input is grounded with the left channel
driven to 2.65 Vrms output at 20 kHz. The FFT
plot is of the right channel output. This indicates
channel to channel crosstalk of -130 dB at 20
kHz.

DS e fma
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Figure 11. THD+N vs. Frequency
LOAD = 600 ohm, 2 kohm, open ckt

Figure 11 is a series of plots which display the
unity-gain THD+N vs Frequency for 600 ohm,
2 kohm and infinite load conditions. The output
was set to 2 Vrms. The Audio Precision System
One was bandlimited to 22 kHz.

Figure 12. THD+N vs. Frequency
Output levels of 1, 2 and 2.8 Vrms

Figure 12 is a series of plots which display the
unity-gain THD+N vs Frequency for 1, 2 and
2.8 Vrms output levels. The output load was
open circuit. The Audio Precision System One
was bandlimited to 22 kHz.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call:(512)445-7222
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PIN DESCRIPTIONS

T
Zero Crossing Enable  ZCEN []1 16 ] AINL Left Channel Input
Chip Select cs [|2 15[] AGNDL Left Analog Ground
Serial Data Input  SDATAI [|3 14 [] AQUTL Left Channel Output
Positive Digital Power VvD+ [|4 13(] VA- Negative Analog Power
Digital Ground ~ DGND ES 12[] VA+  Positive Analog Power
Serial Clock Input SCLK [|6 11[] AOUTR Right Channe! Output
Serial Data Output SDATAO [|7 10[] AGNDR Right Analog Ground
Mute  MUTE [|8 9[] AINR Right Channel Input

Power Supply Connections
VA+ - Positive Analog Power, Pin 12.
Positive analog supply. Nominally +5 volts.

VA- - Negative Analog Power, Pin 13.
Negative analog supply. Nominally -5 volts.

AGNDL - Left Channel Analog Ground, Pin 15.
Analog ground reference for the left channel.

AGNDR - Right Channel Analog Ground, Pin 10.
Analog ground reference for the right channel.

VD+ - Positive Digital Power, Pin 4.
Positive supply for the digital section. Nominally +5 volts.

DGND - Digital Ground, Pin 5.
Digital ground for the digital section.

Analog Inputs and Outputs

AINL, AINR - Left and Right Channel Analog Inputs, Pins 16, 9.

Analog input connections for the left and right channels. Nominally +3.75 volts for a full scale
input.

AOUTL, AOUTR - Left and Right Channel Analog Outputs, Pins 14, 11.
Analog outputs for the left and right channels. Nominally +3.75 volts for a full scale output.

.o op
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Digital Pins

SDATALI - Serial Data Input, Pin 3.
Serial input data that sets the analog output level of the left and right channels. The data is
formatted in a 16-bit word. The first eight bits clocked into this pin control the analog output
level for the right channel, and the second eight bits clocked into the device control the analog
output level for the left channel The data is clocked into the CS3310 by the rising edge of
SCLK.

SDATAO - Serial Data Qutput, Pin 7.
Serial output data that provides daisy-chaining of multiple CS3310’s. This serial output will
output the previous sixteen bits of volume control data that were clocked into the SDATAI pin.

SCLK - Serial Input Clock, Pin 6.
Serial clock that clocks in the individual bits of serial data from the SDATAI pin. This clock is
also used to clock out the individual bits from the SDATAO pin. The SDATAI data is latched
on the rising edge, and SDATAO data is clocked out on the falling edge.

CS - Chip Select, Pin 2.
When high, the SDATAO output is held in a high impedance state. A falling transition defines
the start of the 16-bit volume control word into the device. The 16-bit input data is latched into
the control register on the rising edge of CS.

MUTE - Mute, Pin 8.
Forces both the left and right analog output channels to ground. An offset calibration is
initiated following the low transition of MUTE. Calibration requires a minimum mute period
of Zms.

ZCEN - Zero Crossing Enable , Pin 1.
This pin enables or dlsables the zero crossmg detection and timeout function used during
analog output level transitions. A high level on this pin enables the zero crossing detection
function. A low level on this pin disables the zero crossing detection.

- = . @B
7 Aoy o
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PARAMETER DEFINITIONS

Dynamic Range - Full scale (RMS) signal to broadband noise ratio. The broadband noise is measured
over the specified bandwidth with the input grounded. Units in decibels.

Total Harmonic Distortion plus Noise - The ratio of the rms value of the signal to the rms sum of all
other spectral components over the specified bandwidth (typically 10 Hz to 20 kHz), including distor-
tion components. Expressed in decibels.

Interchannel Isolation - A measure of crosstalk between the left and right channels. Measured for

each channel at the converter’s output with the input under test grounded and a full-scale signal ap-
plied to the other channel. Units in decibels.

.o op
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Semiconductor Corporation

Evaluation Board for CS3310

Features General Description

® Demonstrates recommended layout The CDB3310 evaluation board allows fast evaluation
of the CS3310 stereo digital volume control. The board

and grounding arrangements generates all control signals. Evaluation requires a low-
distortion signal source and a power supply.

® On-board or extemally supplied system | The evaluation board may be configured to accept ex-
control ternal timing signals for operation in a user application

during systém development. The CDB3310 also pro-
vides a PC compatible control port for user software

development.
® Buffered PC Contro! Interface

Analog inputs and outputs are standard RCA phono
plugs.
® Digital and Analog Patch Areas

ORDERING INFORMATION: CDB3310

+5V GND -5V

$¢¢

Analog Power Supply Digital
Patch Conditioning Patch
Area l Area
ANR @ ——> @) AOUTR
C83310
ANL @———— ——— @) AOUTL
h h 3
. PC
Microcontroller : Control
Port

® o o o

CS  SDATAI SDATAO SCLK

Crystal Semiconductor Corporation G 11 Crvstal S " c SEPT '93
.y opyright © Crystal Semiconductor Corporation 1993
60 {All Rights Reserved) D382_’D El
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AT ey & MECHANICAL DATA
MECHANICAL DATA
] MILLIMETERS INCHES
58 15 ‘f 28 pin ) IDIM| MIN | MAX | MIN | MAX
. A Ceramic A | 14.73 | 15.34 | 0.580 | 0.604
JL Side-Brazed B | 3520 | 35.92 | 1.386 | 1.414
1 14 DIP c 2.54 BSC 0.100 BSC
e B > D | 076 | 1.40 | 0.030 ] 0.055
E | 038 | 053 | 0.015 | 0.021
‘ F | 1.02 | 1.52 | 0.040 | 0.060
Fi —K— G | 279 | 4.32 | 0.110] 0.170
W %—r"— : H| 254 | 457 | 0.100 | 0.180
+ J 10° - 10°
cH v Dok B¢ oL g K | 14.99 1545 | 0,590 | 0610
L

0.20° | 0.30 | 0.008 | 0.012

ELR Y

8 5 ?A .
a1 4 |4 8 pin_ MILLIMETERS INCHES
AT T Plastic DIP MIN | MAX MIN | MAX

610 | 6.60 | 0.240 | 0.260
914 | 10.2 | 0.360 | 0.400
0.38 | 152 | 0.015 | 0.060
2.54 BSC 0.100 BSC
1.02 | 1.78 | 0.040 | 0.070
0.38 | 053 | 0.015 | 0.021
051 | 1.02 | 0.020 | 0.040
381 | 5.08 | 0.150 | 0.200
2.92 | 343 | 0.115 | 0.135
0° 10° 0° 10°
7.62BSC 0.300BSC
0.20 [ 0.38 [ 0.008 [ 0.015

B —»[ﬁﬂ . "*L"’

—J

Y
M

-D/
C DEF SEATING K

NOTES: PLANE
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
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Y

A
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e
grxhzmmmoow>E

OV . MILLIMETERS INCHES

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.

7.62BSC 0.300BSC
0.20 | 0.38 | 0.008] 0.015 |

[ g |yA 16 pi DIM[ MIN | MAX | MIN | MAX
YTy Praotic DIP A | 610 | 6.60 | 0.240 | 0.260
B | 18.80 | 19.30 | 0.740 | 0.760
——B— C | 132 | 289 | 0.015 | 0.035
5 ’* L D 2.54 BSC 0.100 BSC
v FH E)\ E | 1.02 | 1.78 | 0.040 0.070
J T arEy F | 038 | 053 | 0015 0.021
ol b [enfe Kol ol G | 051 1.02 | 0.020 | 0.040
C DE F SEATING M H | 381 | 508 | 0.150] 0.200
PLANE J | 292 | 343 | 0115 0.135
NOTES: K ° 10° 0° 10°
L
M

o N o 90 MD4
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MECHANICAL DATA

MILLIMETERS| INCHES
DIM| MIN | MAX | MIN | MAX
S eanananatoy 24 pin A | 610 | 6.60 | 0.240 | 0.260
%01 13 ¢ Plastic B [31.37 [ 32.13 [ 1.235 | 1.265
Skinny DIP C | 166 | 2.16 | 0.065 ] 0.085
D | 254BSC 0.100 BSC
E | 1.02 | 1.52 | 0.040 | 0.060
e [ F | 036 | 056 | 0.014 | 0.022
o} i G | 051 | 1.02 | 0.020 [ 0.040
o't H | 394 | 457 | 0.155] 0.180
,j el i ealle Kok g ohe J | 2.92 | 343 [ 0.115] 0.135
C DE F  SEATING K 00 1 15| 0 15
: PLANE L | 7.62BSC 0.300 BSC
NOTES: M [ 020 [ 038 | 0.008 [ 0.015
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
sossnsnssan MILLIMETERS| _INCHES
28 15/ F DIM[ MIN | MAX | MIN | MAX
_ A 28 pin A | 1372 | 14.22| 0.540 | 0.560
o1 14 i Plastic DIP B | 36.45 | 37.21 | 1.435 | 1.465
VVVVVVV?VVVVVV c 1-65 2.16 0.065 0-085
‘ D | 254BSC 0.100 BSC
E | 1.02 | 1.52 | 0.040 | 0.060
B _ L F | 036 | 0.56 | 0.014 | 0.022
‘ T e G | 051 | 1.02 | 0.020] 0.040
ﬁf W ﬁ{ \f W \f \f ﬁf ]f W ]f WWTG £ H | 394 | 508 | 0.155 | 0.200
,J ARRA = K™ ™ ; 269"2 3;;,3 o.(1) 15 0i15 35
CDEF SEAT NG L | 1524BSC_| _0.600BSC
NOTES: _ M | 020 | 0.38 | 0.008] 0.015
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH.
M o FEs 11-13
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-5 MECHANICAL DATA
O D

MILLIMETERS INCHES

HAHHA DIM | MIN | MAX | MIN | MAX
8 Pin A 525 | 530 | 0.207 | 0.209

R solc B 1.27 TYP 0.050 TYP_

c 7° NOM 7° NOM
Hif D [ 0.120] 0.180 ] 0.005[ 0.007
>l |+ B . E | 180 | 1.86 | 0071 0.073

: F 45° NOM 45 °NOM

’C¢ Freg G« g _7°Nc8|\g05 _7° NOM
: Y 0.195] 0. 0.0078] 0.0082

D L% _i E H,!.J LY | 2° 4° 2° 4°

A . A|le— ] —» A J _ . - -
«—K—» K 6.57 | 6.63 | 0.259] 0.261
«—L— L 7.85 | -7.95 | 0.308] 0.312

[ [MILLIMETERS| INCHES

'PINS | MIN [ MAX | MIN | MAX

- 16 | 9.91 [ 10.41 | 0.390 | 0.410

20 [ 12.45 | 12.95 | 0.490 | 0.510

24 | 14.99 | 15.50 | 0.590 | 0.610

+—— A—> .+ |28 | 17.53 | 18.03 | 0.690 | 0.710

MILLIMETERS INCHES

DIM | MIN | MAX | MIN | MAX
N - o SoIC A see table above
o B 1.27|BSC 0.050[BSC
—1 C _70 NOM 70 NOM
FOEH  BFH D | 0.127 | 0.330! 0.005| 0.013
»>l g lem E [ 241 2.67 [ 0.095] 0.105 |
F 45° [NOM 45 NOM
+% paiadh g 012020 Noognm - Noogqs
: — L , ) .381| 0.008] 0.
D;ﬁ%jE He Ly | 2 g | 2 | &
Y A |le— g —>i| 4 J | 742 | 759 | 0292 0.208
—K—> K | 876 | 9.02 | 0.345] 0.355
L l\li 10.16 | 10.67 | 0.400 | 0.420

0.33 0.51 | 0.013] 0.020

MD4
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EvEsaves & &5 MECHANICAL DATA
ﬁﬁﬁﬁﬁﬁﬁ —_—
NO. OF A B c
g | 1232 12571143 1158 [as1 1092 { 1
(0.485) (0.495) |(0.450) (0.456) |(0.390) (0-430) 1
“ 17.40 17.65 | 1651 16.66 |14.98 16.00 i 1B A
(0.685) (0.695) | (0.650} (0.656) | (0.590) (0.630) 1 :
28/44 pin {
" o 462(0.182) PLCC I

4.11 (0.162) O

1,14 (0.045) = = =

1‘.1257(’(0.l:)::l[(]g'\’1 — *. 0.63 (0.025) 1.14 (0.045) xﬁSodﬁg. fe—>

X4odeg. .
4‘ \ :Mﬂ (0.095) e '(3 & 0 K B

4
1.35 (0.053)

TERMINAL | MIN MAX | MIN MAX | MIN MAX I

I
A .g,gg (( g.g}g )} 1.19 (0.047)
3 NOM:
3° NOM
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
e ==
A B c
MIN  MAX | MIN  MAX | MIN  MAX 0
68 2502 2527 | 2413 2433 | 2261 2362 [
(0.985) (0.995) |(0.950) (0.958) {(0.890) (0.930) i
I B A
I
68 pin [
4.20 (0.165) Min PLCC I 9 »
5.08 (0.200) Max | 2 2
"4 i e 9 e
: .2; Eg.ggg m.anx _ 0.51 (0.020) L Hq‘oe; (0.042) Min |
420, 1219 (0.048) Max ‘
x45deg.NOM *’ 2.29 (0.090) Min  0.25 (0.010) R |! B x45de(g~ Nor)n
330 (0.130) Max Max N\ A

1

[1 .27 {0.050)

¢}

&
{ 0.33 (0.013 )Min

I 053(0.021) Max

r

" NOM
8 ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.

T,
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MECHANICAL DATA

44 Pin TQFP
1.4 mm Package Thickness
MILLIMETERS INCHES
DIM | MIN MAX | MIN | MAX
A [11.75 | 1225 | 0.463 | 0.482
B | 9.90 10.10 | 0.390 | 0.398
c 00 790 00 70
D 0.80 BSC 0.031 BSC
E 0.35 BSC 0.014 BSC
F 120 120
G | 054 0.74 | 0.021 | 0.029
H | 054 0.74 | 0.021 | 0.029
1 | 135 1.50 | 0.053 | 0.059
J | 0.05 0.002
K | 1.60 | 0.063
L 0.17 0.007
M 20 100 20 100
N | 035 0.65 | 0.014 | 0.026
M
LF
N 0.102 MAX
Lead Coplanarity
E
F 64 Pin TQFP
MILLIMETERS INCHES
DIM| MIN | MAX | MIN [ MAX
A 12.00 BSC 0.472 BSC
B 10.00 BSC 0.393 BSC
c 0.50 BSC 0.020 BSC
D | 014 | 0.30 | 0.005 | 0.012
; E | 095 [ 112 | 0.037 | 0.044
b F | 005 | 0.15 | 0.002 | 0.006
7 G 1.00 BSC 0.039 BSC
b H | 045 | 0.75 | 0.018 | 0.030
- I | 009 | 018 | 0.003 | 0.007
J 0 7 0 7

'

T

Im
o)

44 PIN QUAD FLATPACK
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-5y = MECHANICAL DATA .
A >
B .
Eef 100-pin TQFP
'1 j MILLIMETERS | INCHES
DIM| MIN [ MAX | MIN [ MAX
(RS g A T 7575 | 1625 | 0.620 | 0.640
B | 13.90 | 14.10 | 0.547 | 0.555
=] = ¢ | 050BSC 0.020 BSC
= = D | 010 | 0.20 | 0.004 | 0.012
= = E | 125 | 1.55 | 0.049 | 0.061
= = F | 000 | 0.20 | 0.000 | 0.008
= = G | 1.008SC 0.039 BSC
Al B = = H | 035 | 065 | 0.014 | 0.026
=] = = I | 0077 | 0.177 | 0.003 | 0.007
= = J | o 10° 0° 10° .
=80 =
1 1 (.
I UHHHHHHUHWWHHHHUMHHHH ~ G
R e H
c D !

I_,j/ \\\;
T
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