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 Parallel Interface, Multimedia Audio Codec

Features o General Description
. 5 T i 1 ™
@ Integrated parallel interface to ISA and mwave he Csiiz?o'i:;egwave

EISA buses
v The CS4248 is a mixed signal integrated circuit that

o . provides 16-bit audio for cdmputer multimedia systems.
@ Stereo Digital Audio at sample rates from - | The £S4248 includes  stereo audio converters and

4 kHz to 50 kHz with 16-bit resolution. complete on chip filtering for record and playback of
16-bit audio data. The CS4248 combines conversion,
® DMA Transfers with on-chip FIFOs analog mixing, and programmable gain and attenuation

to provide a complete audio subsystem in a single 68-
] ™ ) pin PLCC or 100-pin TQFP package. The CS4248
® Free Window ™ Software Drivers -l includes an 8-bit parallel interface to the industry

standard ISA bus.

® Linear, p-law, and A-law coding ORDERING INFORMATION:
Model Temp. Range Package Type
CS4248-KL 0to70°C 68 pin PLCC
® Pin compatible with the AD1848 (PLCC) | CS4248-KQ 0to70°C - - 100 pin TQFP
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] s
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ANALOG CHARACTERISTICS( Ta = 25°C; VA1, VA2, VD1-VD4 = +5V;

Input Levels: Logic 0 = OV, Logic 1 = VD1-VD4; 1 kHz Input Sine wave; Conversion Rate = 48 kHz; Measure-
ment Bandwidth is 10 Hz to 20 kHz, 16-bit linear coding.) : ’

Parameter * |Symboli Min | Typ ] Max ] Units
Analog Input Characieristics - Minimum gain setting (0 dB); unless otherwise specified. ‘
ADC Resolution (Note 1) 16 - - Bits
ADC Differential Nonlinearity (Note 1) - - 05 | LSB
| Instantaneous Dynamic Range ’ Line Inputs | IDR 80 85 - dB -
' (Note 2) Mic Inputs 72 77 - dB
Total Harmonic Distortion ) Line Inputs | THD 0.02 0.003 - %
Mic Inputs 0.025 0.01 - %
Signal-to-intermodulation Distortion , : - 90 - dB
interchannel Isolation Line to Lirie Inputs - 80 - dB
‘ Line to Mic Inputs - 80 | - dB
Line-to-AUX1 : - 90 - dB
Line-to-AUX2 - 90 - dB
Interchannel Gain Mismatch Line Inputs - - 0.5 dB
' Mic Inputs - - 0.5 dB
Programmable Input Gain Span , ~ Line Inputs | 215 22,5 - dB
Gain Step Size 1.3 1.5 1.7 dB
ADC Offset Error 0 dB gain - 10 100 LSB
Gain Error - - - 5 %
Full Scale Input Voltage: (MGE=1) MIC Inputs 0.266 0.29 0.31 Vpp
(MGE=0) MIC Inputs 2.66 2.9 341 ~ Vpp
LINE, AUX1, AUX2 Inputs 2.66 29 3.1 Vpp
Gain Drift - 100 - ppm/°C
Input Resistance {Note 1) 20 - - kQ
Input.Capacitance (Note 1) - - 15 pF

Notes: 1. This specification is guaranteed by characterization, not production testing.
2. MGE = 1 and a 10uF capacitor on the VREF pin.

* Parameter definitions are given at the end of this data sheet.

Mwave is a registered trademark of IBM Corporation.

Windows is a registered trademark of Micrqsoft Corporation. }
\

Specifications are subject to change without notice.
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ANALOG CHARACTERISTICS (Continued)

Parameter * | Symbol l Min [ Typ [ Max | Units
Analog Output Characteristics - Minimum Attenuation (0 dB); Unless Otherwise Specified.
DAC Resolution ‘_ ' 16 - - Bits
DAC Ditferential Nonlinearity (Note 1) - - 105 | LSB
Dynamic Range - Total All OQutputs | TDR - 85 - dB
- Instantaneous ~ IDR' 80 85 - dB
Total Harmonic Distortion (Noted)| THD | 002 | 0.01 - %
Signal-to-Intermodulation Distortion - 85 - dB
Interchannel Isolation Line Out (Note 4) - 95 - dB
Interchannel Gain Mismatch Line Out - 0.1 0.5 dB
Voltage Reference Output 2.0 2.15 2.3 \'
Voltage Reference Output Current {Note 3) - 100 - LA
DAC Programmable Attenuation Span . 93 94.5 - dB
DAC Attenuation Step Size 0dBto-81dB 1.3 1.5 1.7 dB
-82.5 dB to -94.5 dB 1.0 1.5 2 dB
DAC Offset Voltage . - 1 10 mV
Full Scale Output Voitage ) {Notes 4, 5) 1.85 2.0 2.25 Vpp
Gain Drift - 100 - ppm/°C
Deviation from Linear Phase {Note 1) - - 1 Degree
Extemal Load Impedance ) 10 - - kQ
Mute Attenuation (0 dB) 80 - - dB
Total Out-of-Band Energy  (Note 1) 0.6xFs to 3 MHz - - -45 dB
Audible Out-of-Band Energy (Fs ='.8kHz) 0.6xFs to 22 kHz - - -60 dB
Power Supply
Power Supply Digital, Operating - 55 65 mA
Current Analog, Operating - 43 60 mA
Total - 98 120 mA
Digital, Power Down - - 1 mA
Analog, Power Down - - 1 mA
Power Supply Rejection 1kHz -{Note 1) 40 - - dB

Notes: 3. DC current only. If dynamic loading exists, then the voltage reference output must be buffered
or the performance of ADCs and DACs will be degraded.
4. 10 kQ, 100 pF load.
5. The output leve! full-scale value is 3 dB. below the input full-scale value. This attenuation is not taken
into account in the mixer gain tables which show gain internal to the mixer.
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AUXILIARY INPUT MIXERS (Ta = 25°C; VA1, VA2, VD1-VD4 = +5V;
Input Levels: Logic 0 = 0V, Logic 1 = VD1-VD4; 1 kHz Input Sine Wave)

Parameter Symbol | Min Typ Max | Units
Mixer Gain Range Span AUX1, AUX2 (Note 6) 45 46.5 - dB
Step Size AUX1, AUX2 13 1.5 1.7 dB

Note: 6. An addition 3 dB attenuation must be included when comparing the output value to the input value
since the analog output full-scale value is 3 dB lower than the analog input full-scale value.

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

Parameter Symbol Min Max | Units

Power Supplies: ‘Digital |VD1-VD4 -0.3 6.0 v

Analog | VA1,VA2 -0.3 6.0 ‘ Vv
-Input Current Per Pin (Except Supply Pins) - -10 10 mA
Output Current Per Pin (Except Supply Pins) 50 50 mA
Analog Input Voltage ’ : -0.3 VA+0.3 \"
Digital Input Voltage -0.3 - VD+03: |V
Ambient Temperature (Power Applied) -55 v - +125 °C
Storage Temperature -65 - +150 °C

Warning: Operation beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0V, all voltages with respect

to OV.) ,. }
Parameter ’ ) Symbol | Min Typ Max Units
Power Supplies: . Digital | VD1-VD4| 475 | 5.0 5.25 v
: Analog| VA1, VA2| 475 5.0 5.25 \Y
Operating Ambient Temperature Ta 0 25 70 °C

4-228 . DS106PP3
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DIGITAL FILTER CHARACTERISTICS

Cs4248

Parameter Symbol| Min Typ Max | Units
Passband 0 - 0.40xFs Hz
Frequency Response -0.5 - + 0.2 dB
Passband Ripple (0-0.4xFs) - - +0.1 dB
Transition Band 0.40xFs - 0.60xFs Hz
Stop Band 0.60xFs - - Hz
Stop Band Rejection 74 - - dB
Group Delay - - 30/Fs s
Group Delay Variation vs. Frequency ADCs - - 0.0 us
DACs - - 0.1/Fs us
DIGITAL CHARACTERISTICS (14 = 25°C; VA1, VA2, VD1-VD4 = 5V;
AGND1, AGND2, DGND1-DGND4, DGND7, DGND8 = 0V.)
Parameter Symbol Min Max Units
High-levet Input Voltage Digital Inputs ViH 2.0 VD+ 0.3 Vv
: XTAL1I/XTAL2!, PDWN VD-1.0 VD+ 0.3 \
Low-level Input Voltage ViL -0.3 0.8 Vv
High-level Output Voltage: D<7:0> lo=-16.0 mA VoH 24 VD \
All Others lo=-1.0 mA 24 VD \
Low-level Output Voltage:  D<7:0> lo=16.0mA | VoL - 0.4 \
All Others lp=4.0mA - 0.4 \
input Leakage Current (Digital Inputs) - -10 10 A
Output Leakage Current (High-Z Digital Qutputs) - -10 10 nA
TIMING PARAMETERS
Parameter | Description Min Max Units
tsTw WR or RD strobe width 90 - ns
twosu Data valid to WR rising edge (write cycle) 22 - ns
tRDDV RD falling edge to data valid (read cycle) - 60 ns
tossu CS setup to WR or RD falling edge 10 - ns
tcsHD CS hold from WR or RD rising edge ] - ns
tADSU ADDR <> setup to RD or WR falling edge 22 - ns
tADHD ADDR <> hold from WR or RD rising edge 10 - ns
DS106PP3 4-229
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TIMING PARAMETERS (continued)

CS4248

Parameter | Description Min Max Units
tsupk1 | DAK inactive to WR or RD falling edge (DMA cycle 60 - ns
completion immediately followed by a PIO cycle)
tsubkz DAK active from WR or RD rising edge (PIO cycle 0 - ns
’ completion immediately followed by DMA cycle)
toksua | DAK setup to RD fallirig edge (DMA cycles) 25 - ns
tDKSsUb DAK setup to WR falling edge 25 - ns
tDHD2 Data hold from WR rising edge 15 - ns
tbRHD DRQ hold from WR or RD falling edge (assumes no 0 25 ns
more DMA cycles needed)
tBWDN Time between rising edge of WR or RD to next falling 80 - ns
edge of WR or RD
tDHD1 Data hold from RD rising edge 0 20 ns
tokHpa | DAK hold from WR rising edge 25 - ns
tokHDL DAK hold from RD rising edge 25 - ns
tpBDL DBEN or DBDIR active from WR or RD falling edge 40 ns
tPDWN PDWN pulse width low 200 - ns
CDRQ / j
* ! DRHD
— t DL =1 DKHDb
DBEN \r‘
|
. t pBDL
DBDIR /
-« terw
RD
1 pooy "t DHD1
D<7:0>
8-Bit Mono DMA Read/Capture Cycle
4-230 DS106PP3
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For Cs4248

PDRQ ' : ‘
* t DRHD

PDAK t pKsub
*—t pKHDa
= t pBDL
DBEN

DBDIR  (high)
N tsTw
WR
——twpsy —* | ! DHD2
D<7:0>
8-Bit Mono DMA Write/Playback Cycle
CDRQ/PDRQ \
CDAR/PDAK % /
t BWDN
RD/ WA

_ (EFTLOW RIGHTHIGH
D<7:0> BYTE BYTE

8-Bit Stereo or 16-Bit Mono DMA Cycle

CDRQY
PDRQ

o i b lin

|
— t
RD/ BWDN
WR
)

: ore e
D<7:0> sere evre sve

LEFT SAMPLE RIGHT SAMPLE
16-Bit Stereo DMA. Cycle
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CDRQ/PDRQ

"* tsupk1 —— tsuDK2

CDAK/PDAK

tessy

= [_' tesHo <———7P
/S
-/

tpBDL
DBEN
DBDIR }

t

DBDL
RD
> tRDDV > tDHD1
D<7:0>
A<1:0>
tapsy tADHD
I/O Read Cycle
CDRQ/PDRQ
tsupkt — tsUDK2
CDAK/PDAK
tessu tcsHD
cs
tpBDL

]
L

DBDIR  (high)
 tgTw ——*
WR \

tapsu ¢ [ twpsu tDHD2
D<7:0>
A<1:0>

tADHD
/O Write Cycle
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+5V Analog (preferred) >— i
If a separate +5V analog ,| 2.0Q Ferrite Bead ey
supply is available, attach here LA =000 Supnl
and remove the 2.0Q resistor 01 pF |01 F OAUF 1uF 041 yF PRl
_ lo1uF Lo ' .
1uF i+ O1pF l + TpF |+
. I T | T T
< < | L | T =
36 135 |19 15 1 7
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1 STk
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o 6«——1%1— XTAL20 . ISA
33 pF 17 -PDWN BUS
—— - xTAL1!
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: 29 = . 18 .
Microphone >——{0 o uF = mic cs Address SA19:2
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0.33 uF
. 9
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Lne >——— 2% LLNE Al SAl
inputs 233 WF | 57 RLINE Ao 61 SAO
0.33 yF ' VHV—S 60 :g‘gg
39
0.33 pF LA Ccsa248 xcTLo 22—
- 2
24 Rauxt ("_Lcc XCTL1 22—
. 0.33 uF Pinout
il
Auxilary 38 LAUX2
T T A D7 455 —p! 74F245 D7
RAUX2 D6 23 D D D6
0.33 pF D5 A A le—»| D5
D4 (458 T T D4
D3 k2 _pA A o
26 D2 le 4
RFILT B A D2
T o pF D1 2 D1
NPO Do 62 Do
_ il DBDIR 52—»DIR
This trace 1000 pF DBEN 63 G
must be g NPO N
very short PDRQ T—D—» DRQ<X>
32 CDRQ —=———>—"" DRO<Y>
‘—_Lm VREF PDAK 1413 DAK<X>
L 047 CDAK ;; DAK<Y>
” 33
o -+ VREF! ~RQ > IRQ<Z>
&L 10vF T 01RF | AGND1.2  TEST DGND3. 4,78 DGND1.2

34]37 £5 16|20[53[64 |2 |8

Figure 1. Recommended Connection Diagram
(See also Figures 9 & 10 for Layout Recommendations)

Board Analog  Board Digital
Ground Ground
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CS4248

GENERAL DESCRIPTION

The CS4248 is a monolithic integrated circuit
that provides audio in personal computers or
other parallel interface environments. The func-
tions include stereo Analog-to-Digital and
Digital-to-Analog Converters (ADC and DAC),
analog mixing, anti-aliasing and reconstruction
filters, line and microphone level inputs, select-
able A-law / y-law coding, and a parallel bus
interface. Three stereo analog inputs; LINE,
MIC, and AUXI, are provided and can be multi-
plexed to the ADC. AUXI can be mixed with
the output of the DAC along with an additional
auxiliary input (AUX2). The only external filter-
ing required is two capacitors. Several data
modes are supported including 8- and 16-bit lin-
ear as well as 8-bit companded. The CS4248 is
packaged in a 68-pin PLCC or a 100-pin TQFP.

A number of innovative design techniques are
used to minimize audible noise from external
sources, data handling errors and during normal
operating changes such as volume control. In the
event that a data error does occur, the CS4248
provides smooth error masking and eliminates
pops and clicks. ' ‘

FUNCTIONAL DESCRIPTION
Parallel Data Interface

The 8-bit parallel port of the CS4248 provides
an interface which is compatible with most com-
puter peripheral busses. The model for this
interface is ‘the Industry Standard Architecture
(ISA) bus, but the CS4248 will easily interface
to other buses such as EISA and micro channel.
Two types of accesses can occur via the parallel
interface; Programmed I/O (PIO) access, and
DMA access.

There is no provision for the CS4248 to "hold
off" or extend a cycle occurring on the parallel
interface. Therefore, the internal architecture of

the CS4248 accepts asynchronous parallel bus
cycles without interfering with the flow of data

‘to or from the ADC and DAC sections.

Control Registers Interface

The first I/O cycle access is to the control regis-
ters of the CS4248. Timing diagrams are given
to show the timing of control register cycles. The
RD and WR signals are used to define the read
and write cycles respectively. The control regis-
ter cycle is defined by the assertion of the
CS4248 CS signal while the DMA acknowledge
signals, CDAK and PDAK, are inactive. For
read cycles, the CS4248 will drive‘dg{g on the
DATA lines while the host asserts the RD strobe.
Wiite cycles require the host to assert data on
the DATA lines and strobe the WR signal. The
(CS4248 will latch data into the control register
on the rising edge of the WR strobe. The
(CS4248 CS signal should remain active until af-
ter completion of the read or write cycle. PIO
cycles (non-DMA) are the only type which ac-
cess the Control Registers.

The data interface typically uses DMA re-
quest/grant pins to transfer the digital audio data
between the CS4248 and the bus. The CS4248 is
responsible for asserting a request signal when-
ever the CS4248’s internal buffers need
updating. The logic interfaced with the CS4248
responds with an acknowledge signal and strobes
data to and from the CS4248, 8 bits at a time.
The CS4248 keeps the request pin active until
the appropriate number of 8-bit cycles have oc-
curred to transfer one audio sample. Notice that
different audio data types will require a different
number of 8-bit transfers.

DMA Interfaces

The second type of parallel bus cycle on the
(S4248 is a DMA transfer. DMA cycles are dis-
tinguished . from control register cycles by the
assertion by the CS4248 of a CDRQ (or PDRQ)

4234
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followed by an acknowledgment by the host by
the assertion of CDAK (or PDAK). While the
acknowledgment is received from the host, the
CS4248 assumes that any cycles occurring are
DMA cycles and ignores the addresses on the
address lines and the CS line.

The CS4248 may assert the DMA request signal
at any time. Once asserted, the DMA request
will remain asserted until a DMA cycle occurs to
the CS4248. Once the falling edge of the final
WR or RD strobe of a full sample of a DMA
cycle occurs, the DMA request signal is deas-
serted immediately. DMA transfers may be
terminated by resetting the PEN and/or CEN bits
in the Interface Configuration Register, depend-
ing on the DMA that is in progress (Playback,
Capture, or Both). Termination of DMA transfers
may only happen between sample transfers on
the bus. If PDRQ and/or CDRQ goes active
while resetting PEN and/or CEN, the request
must be acknowledged (PDAK and/or CDAK)
and a final sample transfer completed. The
CS4248 supports one or two DMA channels.

Dual Channel DMA Mode

In dual-channel mode, playback and capture
DMA requests and acknowledges occur on inde-
pendent DMA channels. In this mode, capture
and playback are enabled and set for DMA trans-
fers. In addition, the SDC bit must be set to
zero. The playback and capture enables can be
changed without a mode change enable. This al-
lows proper control where applications are
independently using playback and capture. Si-
multaneous capture and playback is not
plausible.

Single Channel DMA (SDC) Mode
SDC mode is designed to allow the CS4248 to

be used in a computer where two dedicated
DMA channels for audio are not available, SDC

forces all DMA transfers (capture or playback) to
occur on a single DMA channel (the playback
channel).

To enable the SDC mode, set the SDC bit (In-
dex 9) to one in the Interface Configuration
register. With the SDC bit asserted, the internal
workings of the CS4248 remain exactly the same
as dual mode, except for the manner in which
DMA request and acknowledges are handled.

The playback of audio data will occur on the
playback channel exactly as dual channel opera-
tion. However, the capture audio channel is now
diverted to the playback channel. This means
that the capture DMA request occurs on the
PDRQ pin and the PDAK pin is used to acknow-
ledge the capture request. Simultaneous DMA
capture and playback is not plausible. If both
playback and capture are enabled, the default
will be playback.

In SDC mode, the CDRQ pin is logic low (inac-
tive). The CDAK pin is ignored by the CS4248.
SDC does not have any affect when using Pro-
grammed /O mode.

Interrupt

Interrupts are generated under control of the
Current Count register. The Current Count regis-
ter is not accessible by the host, but is loaded
when a write occurs to the upper byte of the
Base Count Register. Note that the Base Count
registers should be loaded with the buffer size
minus one. The Current Count Register decre-
ments on every sample period. Once the Current
Count register reaches zero, an interrupt is gen-
erated on the next sample.

The INT bit of this Status Register always re-
flects the status of the CS4248 internal interrupt
state. A roll-over from Current Count register
sets the INT bit. This bit remains set until
cleared by a write of ANY value to Status regis-
ter.

DS106PP3
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The Interrupt Enable (IEN) bit in the Pin Control
register determines whether the interrupt pin re-
sponds to the interrupt event in the CS4248.
When the IEN bit has the interrupt disabled, the
IRQ pin of the CS4248 is forced low and does
not change. However, the INT bit of the status
register always responds to the counter.

Error Conditions

Data overrun or underrun could ‘occur if data is
not supplied to or read from the CS4248 in an
appropriate amount of time. The amount of time
for such data transfers depends on the frequency
selected within the CS4248.

Should an overrun condition occur during data
capture, the last whole sample (before the over-
run condition) will be read by the DMA
interface. A sample will not be overwritten while
the DMA interface is in the process of transfer-
ring the sample. »

Should an underrun condition occur in a play-
back case the last valid sample will be output to
the ‘digital mixer. This will mask short duration
error conditions. When the next complete sam-
ple arrives from the host computer the. data
stream will resume on the next sample clock.

Noise Management

The CS4248 includes circuitry for noise manage-
ment resulting from power up and down
transients. No audible clicks and pops occur due
to power up and down transients or when enter-
ing power down mode.

Analog Input Interface

The analog input interface is designed to accom-
modate four stereo input sources. Three of these
sources are multiplexed to the ADC. These in-
puts are: the stereo line level input, the
microphone input, and an auxiliary line level in-

put (AUX1). AUX1 and AUX2 can be analog
mixed with the DAC outputs. All audio inputs
should be capacitively coupled to the CS4248.

Microphone Level Inputs

The CS4248 includes an selectable +20 dB gain
stage for interfacing to an external microphone.
Figure 2 shows an example microphone input
buffer circuit. :

Analog Output Interface

The analog output section of the CS4248 pro-
vides a stereo line level output. The other output
types (headphone and speaker) are implemented
with external circuitry. Left and Right outputs
should be capacitively coupled to external cir-
cuitry. :

Miscellaneous Signals

Four pins have been allocated to allow the inter-
facing of two crystal oscillator circuits to the
CS54248. These pins are XTAL1I, XTAL10O,
XTAL2I, AND XTAL20.

A PDWN signal places the CS4248 into maxi-
mum power conservation mode. A 2.1 V
reference pin is provided to maintain an audio
reference level for single supply input and output
audio signals; however, this reference is not
maintained in power-down mode.

The DBEN and DBDIR pins are used to control
an external data buffer to the CS4248. The
(54248 is capable of driving a 16 mA bus load.
Data bus loading requirements greater than
16 mA will require an external buffer. DBEN en-
ables the external drivers and DBDIR controls
the direction of the data flow.

4-236

BN 254L324 0005950 T34 EECYS

This Material Copvriahted By Its Respective

DS106PP3




CS4248

T S N RN ERT

CONTROL REGISTER DEFINITION

The: two address pins of the CS4248 allow ac-
cess to four 8-bit registers. Two of these registers
allow indirect accessing to more CS4248 regis-
ters via an index and data register. The other two
registers provide status information and allow di-
rect access to the CS4248’s digital audio data
without the need to perform DMA cycles.

Changing Transfer Modes

The CS4248 must be in Mode Change Enable
Mode (MCE=1) before any changes to the Inter-
face Configuration register or the Data Format
register are allowed. The exceptions are CEN
and PEN which can be changed "on-the-fly" via
programmed I/O writes to these bits. All out-

10 uF

<
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+
n
O N=3
XO?
[\]

]
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al o
%T#
=]
-n

1uF
2

standing DMA transfers must be completed be-
fore new values of CEN or PEN are recognized.

Digital Loopback

Digital Loopback is enabled via the LBE bit in
the Loopback Control register and can be used
to monitor the record path during a capture se-
quence. This loopback routes the digital data
from the ADCs to the DACs. This loopback can
be digitally attenuated via additional bits in the
Loopback Control register. Loopback is then
summed with DAC data supplied at the digital
bus interface. ‘When loopback is enabled, it will
"freerun" synchronous with the sample rate. The
digital loopback is shown in the CS4248 block
diagram on the front page of this data sheet.

Ca8
0.33 uF
RMIC

(pin 28)

MC33078 or
2 1k MC33178

R2 Cc7 1uF
22.1k g c4s
?:/IINL U i ) ; 0.33 UF
ono LMIC
: »——{ [—»

1u

10 uF C3

Cc1 560 pF
0———‘ }-WF%——GD

221k

L VREF

A =20 dB (pin 29)

Figure 2. Optional Microphone Input Buffer.
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If the sum of the loopback and bus data are
greater than full scale, CS4248 will send a + or -
full scale value to the DACs whichever is appro-
priate. (Clipping)

INITIALIZATION AND PROCEDURES
Reset and Power down

Reset and power down modes are controlled by
the PDWN pin. To put the CS4248 into a power
down mode, the PDWN pin is pulled low. In this
state the host interface is inactive and all digital
and analog circuits are turned off.

To let the CS4248 go through its reset initializa-
tion the PDWN pin should be set high. This
rising edge starts the initialization process. While
the CS4248 is initializing, all reads by the host
computer will receive a 80 hex. All writes dur-
ing initialization of the CS4248 will be ignored.
At the end of the initialization, all registers are
set to known values as documented in the regis-
ter definition section. '

Auto Calibration

The CS4248 has the ability to calibrate the
ADCs and DACs. Auto-calibration is initiated
when MCE goes from 1 to 0 with the ACAL bit
in the Interface Configuration register set.

The completion of calibration .can be determined
by polling the Auto-calibrate In-Progress (ACI)
bit in the Test and Initialization register. This bit
will be high while the calibration is in progress
and low once completed. The calibration se-
quence will take at least 128 sample periods.
Transfers enabled during calibration will not be-
gin until calibration has completed.

The calibration procedure is as follows:

13 Place the CS4248 in Mode Change Enable
using the MCE bit of the Index register.

2) Set the ACAL bit in the Interface
Configuration register.

3) Return from Mode Change Enable by
resetting the MCE bit of the Index register.

4) Poll the ACI bit in the Test and Initialization
register for a one (active) then poll for a zero
(complete).
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Changing Sampling Rate

The internal states of the CS4248 are synchro-
nized by the selected sampling frequency defined
in the Data Format register. If only one crystal is
provided in hardware, it must be XTALI. The
changing of the clock source requires a special
sequence for proper CS4248 operation.

1) Mute the outputs of the CS4248 and place it
in Mode Change Enable using the MCE bit
of the Index register.

2) During a single write cycle, change the Clock

Frequency Divide Select (CFS) and/or Clock
Source Select (CSL) bits of the Data Format
register to the desired values.

3) The CS4248 resynchronizes its internal states

to the new clock. During this time the CS4248

will be unable to respond at its parallel inter-
face. Writes to the CS4248 will not be
recognized and reads will always return the
value 80 hex.

4) The host now polls the CS4248’s Index
register until the value 80 hex is no longer

returned.

5) Once the CS4248 is no longer responding to

reads with a value of 80 hex, normal operation

can resume and the CS4248 can be removed
from MCE.

6) If ACAL is set, proceed with Auto Calibration

steps previously mentioned.

The CSL and CFS{2..0] bits cannot be changed
unless the MCE bit has been set. Attempts to
change the Data Format register or Interface
Configuration register without MCE set, will not
be recognized.

DATA STREAM DEFINITION

The CS4248 is designed for data formats which
are in "little endian" format. This format defines
the byte ordering of a multibyte word as having
the least significant byte occupying the lowest
memory address. Likewise, the most significant
byte of a little endian word occupies the highest
memory address. -

The CS4248 always orders the left channel data
before the right channel. Note that these defini-
tions apply regardless of the specific format of
the.data. For example, 8-bit linear data streams
look exactly like 8-bit companded data streams,
Also, the left sample always comes first in the
data stream regardless of whether the sample is
16-bit or 8-bit in size. See Figures 3 through 6.

DS106PP3
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' i 32-bitWord Time
/’”—H

] sample 6 I sample 5 ’ sample 4 | sample 3 | sample 2 | samplg 1—[

[ mono | mono | mMONO | MONO
31 - 2423 16 15 87 0

Figure 3. 8-bit Mono, Data Stream Definition.

32-bit Word Time

| sample 3 | sample 3 [ sample 2 ’ sample 2 l sarhple 1 ’ sample 1 ‘

[ RGHT ] LEFT | RIGHT ] LEFT
31 24 23 16 15 - 87 0

Figure 4. 8-bit Stereo, Data Stream Definition.

32-bit Word Time

«—

sample 6 | sample 5 I sample 4 ' sample 3 [ sample 2 I sample 1 I

| _MoNOo [ MoNO-
31 16 15 0

Figure 5. 16-bit Mono, Data Streami Definition.

32-bit Word .
Time

P

sample 3 | sample 3 | sample 2 I sample 2 Ijamp[e1 I sample 1 !

| RIGHT | LEFT
31 16 15 . 0

Figure 6. 16-bit Stereo, Data Stream Definition.
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Data Format Definition

There are four data formats supported by the
CS4248: 16-bit signed, 8-bit unsigned, 8-bit
companded L-Law, and 8-bit companded A-Law.

16-bit Signed

The 16-bit signed format (also called 16-bit
two’s-complement) is the standard method of
representing 16-bit digital audio. This format
gives 96 dB theoretical dynamic range and is the
standard for compact disk audio players. This
format uses the value -32768 (8000h) to repre-
sent minimum analog amplitude while
32767 (7FFFh) represents maximum analog am-
plitude.

§-bit Unsigned

The 8-bit unsigned format is commonly used in
the personal computer industry. This format de-
livers a theoretical dynamic range of 48 dB. This
format uses the value 0 (00h) to represent mini-
mum analog amplitude while 255 (FFh)
represents maximum analog amplitude. 16-bit
signed and 8-bit unsigned formats are shown in
Figure 7. When using A/D converters of higher
resolution (16-bits) to generate 8-bit values, trun-
cating can produce correlated noise artifacts

+FS

ANALOG VALUE
©

-FS T t T

8-bit 0 65 128 191 255
unsigned:
16-bit .
2's comp: 32768 16384 0 16384 32767
DIGITAL CODE

Figure 7. 16-bit Signed, 8-bit Unsigned Formats.

CS4248

which can be disturbing to the listener. Once the
data is truncated to 8 bits, it is impossible to re-
move these artifacts. The CS4248 contains an
optional dither bit in indirect register 10. When
the dither bit is set, a triangular pdf dither is
added to the internal 16-bit ADC before truncat-
ing to the 8-bit value. Dither is only used for the
ADCs when the 8-bit unsigned data format is se-
lected. This dither removes the correlation
between the noise and the signal with a slight
increase in the noise floor.

8-bit Companded

The 8-bit companded formats (A-law and p-law)
come from the telephone industry. p-law is the
standard for the United States/Japan while A-law
is used in Europe. Companded audio allows
either 64 dB or 72 dB of dynamic range using
only 8 bits per sample. This is accomplished us-
ing a non-linear companding which assigns more
digital codes to lower amplitude analog signals
with the sacrifice of precision on higher ampli-
tude signals. The p-law and A-law formats of
the CS4248 conform to the CCITT G.711 speci-
fications. Figure 8 is a diagram of approximately
how both A- and p-law behave. Please refer to
the standard mentioned above for an exact defi-
nition.

+FS

w

=]

|

g

A

[+]

-l

<

Zz

<

-FS T T T
A-Law: 2Ah 16h 55h/D5h 95h AAh
uLaw: 0Ch 3Fh 7Fh/FFh BFh 80h

DIGITAL CODE

Figure 8. 8-bit A-Law, i-Law Formats.
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CS4248 REGISTER MAPPING

Addr. Register Name
0 Index Address Register

1 Indexed Data Register
2 Status Register
3 PIO Data Register
Table 1. Direct Registers
Index Register Name
0 Left Input Control
Physical Mapping 1 nght Input Control
2 Left Aux #1 Input Control
The control registers are mapped via partial indi- 3 Right Aux #1 Input Control
rect mapping. Two address bits are defined to 4 Left Aux #2 Input _antrol-l
access all of the CS4248’s registers. The four di- 5 wa;thz)A:x fzclni’“tl ontrol
rect registers are shown in Table 1. The first two 3 ; - gptu tgn r:: I
direct registers are used to access 16 indirect 5 D:ia FoL:r::t ontro
registers as shown in Table 2. Table 3 details a 5 Interface Confiauration
summary of each bit in each register. The de- 0 Bin Control 9
tailed register descriptions are described in this 1 Test and niialization
section. Tables 4 through 6 illustrate all the pro- 12 Nisc. Tnformation
grammable gain block decodes and is included 3 Loopback Control
here for reference. These gain tables will be re- 14 Upper Base Count
ferred to under the description for the particular 15 Lower Base Count
register, :
Table 2. Indirect Registers
Index Register
D7 D6 D5 D4 D3 D2 Di_ DO TRD Transfer Request Disable: This bit,
[ INIT[MCETTRD [res [1A3 1A2_ 1AT _|AD ] when set, causes DMA transfers to
cease when the INT bit of the status
IA3-1A0 " Index Address: These bits define the register is set.
address of the CS4248 register ac-
cessed by the Indexed Data Register. 0- gggsée;iir;a:r"?:hgzg)o and
These bits are read/write. 1 - Transfers Disabled (PDRQ and
res Reserved for future expansion. Always CDRQ only occur if INT bit is 0)
wite zefo to this bit INIT C84248 Initialization: This bit is read as
MCE Mode Change Enable: This bit must be 1t when tthe 084548 s in I? Is‘tatte rfWhiCh
set whenever the current mode of the ! c;lannoTl:_esggr? to %ara 'e interiace
CS4248 is changed. The Data Format cycles. This bit is read-only.
é’X’Nﬂtg;ij Cig:g%‘é’i‘;?:s;eﬂ:isstegﬁ o Immediately after RESET (and once the CS4248
set. The exceptions are CEN and PEN g?g)l(%f(t) (t)ge ‘I‘I:Ir;r state), the state of this register is:
which can be changed "on-the-fly". (40h)
No audio activity will occur when this
bit is set.
4-242 DS106PP3
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During CS4248 initialization, this register CAN-
NOT be written and is always read
10000000 (80h)

Indexed Data Register

D7 D6 D5 D4 D3I D2 D1 DO
[D7 D6 D5 D4 D3 D2 D1 100 |

ID7-1DO Indexed Register Data: These bits are

the data the CS4248 register refer-
enced by the Indexed Data register.

During CS4248 initialization, this register can
NOT be written and is always read
10000000 (80h)

I/O Data Register

The PIO Data register is two registers mapped to
the same address. Writes to this register sends
data to the Playback Data register. Reads from
this register will receive data from the Capture
Data register.

During CS4248 initialization, this register CAN-
NOT be written and is always read
10000000 (80h)

Capture Data Register (Read Only)

D7 D6 D5 D4 D3 D2 Di DO
[ cD7 CDs €CD5 CD4 CD3 CD2 CD1 CDo |

Capture Data Port. This is the control
register where capture data is read
during programmed I/O data transfers.

CD7-CDO

The reading of this register will increment the
state machine so that the following read will be
from the next appropriate byte in the sample.
The exact byte which is next to be read can be
determined by reading the Status register. Once
all relevant bytes have been read, the state ma-
chine will point to the last byte of the sample
until a new sample is received from the ADCs.
Once this has occurred, and a read of the status

CS4248

has occurred, the state machine and status regis-
ter will point to the first byte of the new sample.
Until a new sample is received, reads from this
register will return the most significant byte of
the sample.

During CS4248 initialization, this register can
NOT be written and is always read
10000000 (80h) :

Playback Data Register (Write Only)
D7 D6 D5 D4 D3 D2 Di_ DO
[ PD7_PD6_PD5_PD4 PD3 PD2 PD1_PDO_|
PD7-PDO Playback Data Port. This is the control
register where playback data is written
during programmed /O data transfers.

Writing data to this register will increment the
playback byte tracking state machine so that the
following write will be to the correct byte of the
sample. Once all bytes of a sample have been
written, subsequent byte writes to this port are
ignored. The state machine is reset when the cur-
rent sample is sent to the DACs.

DS106PP3
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Status Register

D7

D5 D4 D3 D2 D1 Do

[cuL | CLUR | CRDY | SER [ PU/L [ PUR | PRDY [INT ]

INT

PRDY

PLR

PU/L

SER

Interrupt Status: This indicates the
status of the internal interrupt logic of
the C54248. This bit is cleared by any
write of any value to this register. The
|IEN bit of the Pin Control register deter-
mines whether the state of this bit is
reflected on the IRQ pin of the CS4248.
Read States

0 - Interrupt pin inactive
1 - Interrupt pin active

Playback Data Register Ready. The
Playback Data register is ready for
more data. This bit would be used when
direct programmed /O data transfers -
are desired. (This bit is Read-Only)

0 - Data still valid. Do not overwrite.
1 - Data stale. Ready for next host
data write value.

Playback Right/Left Sample: This bit
indicates whether data needed is for
the Right channel or Left channel.
(This bit is Read-Only)

0 - Right Channel Data
1 - Left Channel Data or Mono selected

Playback Upper/Lower Byte: This bit
indicates whether the playback data
needed is for the upper or lower byte of
the channel. (This bit is Read-Only)

0 - Lower Byte Needed
1 - Upper Byte Needed or any
8-bit mode

Sample Error: This bit indicates

that a sample was not serviced in time
and therefore an error has occurred.
The bit indicates an overrun for capture
and underrun for playback. If both the
capture and playback are enabled, the
source which set this bit can not be
determined. (This bit is Read-Only)

CRDY

CLR

CUL

CS4248

Capture Data Ready. The Capture
Data register contains data ready for
reading by the host. This bit would be
used for direct programmed |/O data
transfers. (This bit is a Read-Only)

0 - Data is stale. Do not reread the
information.

1 - Data is fresh. Ready for next host
data read.

Capture Left/Right Sample: This bit
indicates whether the capture data
waiting is for the Right channel or Left
channel. (This bit is Read-Only)

0 - Right Channel Data
1 - Left Channel Data or mono

Capture Upper/Lower Byte: This bit
indicates whether the capture data
ready is for the upper or lower byte of
the channel. (This bit is Read-Only)

0 - Lower byte ready
1 - Upper byte ready or any 8-bit mode

The PRDY and CRDY bits are designed to be
read as one when action is required by the host.
For example, when PRDY is set to one the de-
vice is ready for more data, or when the CRDY
is set to one data is available to the host. The
definition of the CRDY and PRDY bits are
therefore consistent in this regard.
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Indirect Mapped Registers

These registers are accessed by placing the ap-.
propriate index in the Index register and then
accessing the Index Data register. A detailed de-
scription of each of the registers is given below.
All reserved bits should be written zero and may
be 0 or 1 when read back

Input Control Registers

Left Input Control (Index 0)

D7 D6 D5 D4 D3 D2 D1 DO
[LSS1 LSS0 ULMGE | res | LIG3 LIG2 LIG1 LIGO]

LIG3-LIGO Left input gain select. The least
significant bit of this gain select

represents 1.5 dB: See Table 4.

Left Input Mic Gain Enable: This bit
will enabie the 20 dB gain of the left
mic input signal.

LMGE

Left input source select. These bits
select the input source for the left gain
stage going to the left ADC.

LSS1-LSS0

0 - Left Line

1 - Left Auxiliary 1

2 - Left Microphone

3 - Left Line Output Loopback

This register's initial state after reset is: 000x0000

Righr Input Control (Index 1)

D7 D6 Ds D4 D3 D2 D1 Do
[RSS1 RSSO RMGE | res | RIG3_RIG2 RIG1 RIGO}

0 - Right Line

1 - Right Auxiliary 1

2 - Right Microphone

3 - Right Line Out Loopback

This register's initial state after reset is: 000x0000

Left Auxiliary #1 Input Control (Index 2)

D7 D6 D5 D4 D3 D2 D1 DO
LXIM[res res| LX1G4 LX1G3 LX1G2 LX1G1 LX1G0 |

LX1G4-LX1GO Left Auxiliary #1 Mix Gain Select. The
least significant bit of this gain select
represents 1.5 dB. See Table 5.

LX1M Left Auxiliary #1 Mute. This bit, when

set to 1, will mute the left channel of
the Auxiliary #1 input source.

This register’s initial state after reset is: 1xx01000.

Right Auxiliary #1 Input Control (Index 3)

D7 D6 D5 D4 D3 D2 D1 DO
[RX1Mres res| RX1G4 RX1G3 RX1G2 RX1G1_RX1GO |

RX1G4-RX1G0 Right Auxiliary #1 Mix Gain Select.
The least significant bit of this gain
select represents 1.5 dB.

See Table 5.

RX1M Right Auxiliary #1 Mute. This bit, when

set to 1, will mute the-right channel of
the Auxiliary #1 input source.

This register’s initial state after reset is: 1xx01000.

Left Auxiliary #2 Input Control (Index 4)
D7 D6 D5 D4 D3 D2 D1 DO

RIG3-RIGO Right input gain select. The least [LXx2M[res res [LX2G4 LX2G3 LX2G2 LX2G1_ LX2GO_|
significant bit of this gain select o
represents 1.5 dB. See Table 4. LX2G4-LX2G0 Left Auxiliary #2 Mix Gain Select. The

RMGE Right Input Mic Gain Enable: This bit Iriisrtesslegnr:gliagtd%t gef'ﬁa%z”;e'e‘“
will enable the 20 dB gain of the right ’ ' ’
mic input signal. LX2M Left Auxiliary #2 Mute. This bit, when

' set to 1, will mute the left channel of

RSS1-RSSO  Right input source select. These bits the Auxiliary #2 input source.
select the lpput source for the nght This register’s initial state after reset is: 1xx01000. -
channel gain stage going to the right ;

ADC.
DS106PP3 4-245
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Right Auxiliary #2 Input Control (Index 5) -
D7 D6 Ds D4 D3~ D2 D1 DO

Data Formatr Register (Index 8)

D7 D6 D5 DA D3 D2 Dt Do

[RX2M]res res|[RX2G4 RX2G3 RX2G2 RX2G1 RX2GO |

[Lres [ FMT] CT[SM]CSF2 CFS1_ CFSO | CSL |

RX2G4-RX2G0 Right Auxiliary #2 Mix Gain Select.
The least significant bit of this gain
select represents 1.5 dB. :
See Table 5.

RX2M Right Auxiliary #2 Mute. This bit, when

set to 1, will mute the right channel of
the Auxiliary #2 input source.

This register’s initial state after reset is: 1xx01000.

Output Control Registers

. Left Output Control (Index 6)
D7 D6 D5 D4 D3 D2 D1 D0
[LOM] res| LOAS LOA4 LOA3 LOA2 LOA1 LOAO]

LOAS-LOAO  Left Qutput Attenuate Select. The
least significant bit of this attenuate
select represents -1.5 dB. Full
attenuation is at least -94.5 dB.

See Table 6.

Left Output Mute. Thié bit, when set to
1, will mute the left DAC channel
output.

LOM

This register’s initial state after reset is: 1x000000.

Right Output Control (Index 7)

D7 D6 D5 D4 D3 ‘D2 D1 DO
[ROM [ res] ROA5E_ROA4 ROA3 ROA2 ROA1 ROAD]

ROAS5-ROAC  Right Output Attenuate Select. The
least significant bit of this attenuate
select represents -1.5 dB. Full
attenuation must be at least -94.5 dB.

See Table 6.

Right Output Mute. This bit, when set
to 1, will mute the right DAC output.

ROM

This register’s initial state after reset is: 1x000000.

CSL

0 - XTAL1/"
1 - XTAL2/

Clock Source Select: These bits select
the clock source used for the audio
sample rates. :
CAUTION: See note at end of this
section about changing these bits

24.576 MHz
16.9344 MHz

Note: When only one crystal or clock source

CFS2-CFS0

0-3072
1-1536
2 -896
3-768
4 - 448
5-384
6-512
7 - 2560

is provided in hardware,it must be XTAL1.

Clock Frequency Divide Select: These
bits select the audio sample rate
frequency. The actual audio sample
rate depends on which Clock Source:
is selected and it's frequency.
CAUTION: See note below

about changing bits

XTAL1 XTAL2
24,576 MHz 16.9344 MHz
8.0 kHz 5.51 kHz
16.0 kHz 11.025 kHz
27.42 kHz 18.9 kHz
32.0 kHz 22.05 kHz
N/A 37.8 kHz

N/A " 441 kHz
48.0 kHz 33.075 kHz
9.6 kHz 6.62 kHz

Stereo/Mono Select: This bit
determines how the audio data streams

‘are formatted. Selecting stereo will

result with alternating samples
representing left and right audio
channels. Mono playback plays the
same audio sample on both channels.
Mono capture only captures data from
the left audio channel. .

0 - Mono
1 - Stereo

4-246
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ciL Companded /Linear Select: This bit

SbC Single DMA Channel: This bit will force
selects between a linear digital BOTH capture and playback DMA
representation of the audio signal or a requests to occur on the Playback DMA
non-linear, companded format. The channel. The Capture DMA CDRQ pin
type of companded format is defined will be zero. This bit will allow the
by the FMT bit. CS4248 to be used with only one DMA

0 - Linear 1 - Companded channel. Should both capture and
playback be enabled in this mode, only
FMT Format Select: This bit defines the . the playback will occur. See the DMA
exact format of the digital audio based section for further explanation.
on the state of the C/L bit.
_ _ 0 - Dual DMA channel mode
C/L=0 Ch=1 1 - Single DMA channel mode
Linear Companded
0 - 8 bit, unsigned 0 - p-Law ACAL Auto calibrate Enable: This bit
1 - 16-bit, signed 1 - A-law determines whether the CS4248
performs an auto calibrate whenever
; etarte it - returning from the Mode Change Enable
This register’s initial state after reset is: x0000000. (MCE) bit being asserted. If the ACAL
Note: The Contents of this register CGANNOT be bit is not set, previous calibration
changed except when the CS4248 is in Mode values are used, and no calibration .
Change Enable (MCE) is 1. If MCE is not one, cycle takes place. Therefore, ACAL is
writes to this register will be ignored. normally set.
Interface Configuration Register (Index 9) ? A )?Stglg;ig?:t?c;i“;?owe d
D7 D6 D5 D4 D3I D2 D DO
[CPIO [ PPIO res [res | ACAL [ SDC [ CEN [ PEN | ppjg Playback PIO Enable: This bit
L determines whether the playback data
PEN Playback Enable. This blt. enables is transferred via DMA or PIO.
playback. The CS4248 will generate
PDRQ and respond to PDAK signals 0 - DMA transfers only
when this bit is enabled and PPIO=0. 1 - PIO transfers only
If PPIO=1, this bit enables PIO play-
back mode. PEN may be set and CPIO Capture PIO Enable: This bit

reset without setting the MCE bit.

0 - Playback Disabled (PDRQ and
PIO inactive)

1 - Playback Enabled

CEN ' Capture Enabled. This hit enables

CS4248 -

determines whether the capture data
is transferred via DMA or PIO.

0 - DMA transfers only
1 - PIO transfers only

Note: This register, except bits CEN and PEN, can
only be written while in Mode Change Enable. See
section on MCE for more details.

the capture of data. The CS54248 will
generate CDRQ and respond to
CDAK signals when this bit is enabled
and CPIO=0. If CPIO=1, this bit
enables PIO capture mode. CEN may
be changed without setting the MCE
bit.

This register’s initial state after reset is: 00xx1000

0 - Capture Disabled (CDRQ and PIO
inactive)
1 - Capture Enabled
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Pin Control Register (Index 10)
D7 D6 D5 D4 D3 D2 Di Do
[ XCTL1 [XCTLO [res | res [DEN [ res | IEN | res |

IEN Interrupt Enable: This bit enables
interrupts to occur on the interrupt pin.
The Interrupt pin will reflect the value
of the INT bit in the status register.

The interrupt pin is active high.

- Interrupt Disabled
1 - Interrupt Enabled

Dither Enable: When this bit is set,
triangular pdf dither is added before
truncating the ADC 16-bit data to
8-bit unsigned data. Dither is only
active in the 8-bit unsigned data
format.

DEN

0 - Dither Disabled
1 - Dither Enabled

XCTLA,
XCTLO

XCTL Control: Theseé bits are
reflected on the XCTL1,0 pins of the
CS4248

0 - TTL Logic Low on XCTL1,0 pins
1 - TTL Logic High on XCTL1,0 pins

This registers initial state after reset is: 00xx0x0x
Test and Initialization Register (Index 11)

D7 D6 D5 D4 D3I D2 D1 DO
[_COR PUR [ ACI|DRS | ORR1_ORRO |ORLT ORLO

ORR1-ORR0  Overrange Right Detect: These bits
determine the overrange on the right
input channel. (Read Only) These bits
hold the peak value and are reset 1o
"0" by a read of this register

0 - Greater than -1.5 dB underrange

1 - Between -1.5 dB and 0 dB
underrange

2 - Between 0 dB and 1.5 dB overrange

3 - Greater than 1.5 dB overrange

DRQ Status: This bit indicates the
current status of the PDRQ and CDRQ
pins of the CS4248.

DRS

0 - CDRQ AND PDRQ are presently
inactive
1 - CDRQ OR PDRQ are presently
active
ACI Auto calibrate In-Progress: This bit
indicates the state of auto calibration
(Read-Only)

0 - Auto calibration not in progress
1 - Auto calibration is in progress
PUR Playback underrun: This bit is set when
playback data has not arrived from the
host in time to be played. As a result
the last valid sample will be sent to the
DAC. This bit is sticky and will set in
in an error condition. This bit is
cleared by a Status register read.
COR Capture overrun: This bit is set when
the capture data has not been read by

ORL1-ORLO  Overrange Left Detect: These bits the host before the next sample arrives.
determine the overrange on the left The sample being read will not be
input channel. (Read Only) These bits overwritten by the new sample. The
hold the peak value and are reset to "0 new sample will be ignored. This bit is
by a read of this register sticky and will stay set in an error

: : condition. This bit is cleared by a
0 - Greater than -1.5 dB underrange Status register read.
1 - Between -1.5 dB and 0 dB
underrange

2- E\?;Vr‘/r:ig: dB and 1.5 dB The SER bit in the Status register is simply a

3 - Greater 1.5 dB overrange logical OR O.f the COR and PUR bits. This en-
ables a polling host CPU to detect an error
condition while checking other status bits.
This register’s initial state after reset is: 60000000
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Misc. Information Register (Index 12)

D7 D6 D5 D4 D3 D2 D1 DO :
1 [res tes res | ID3 _ID2 ID1_IDO |

ID3-1D0 S4248 ID: These four bits define
the version of the CS4248.

These bits are Read-Only

ID3-ID0 = 0001 Chip version "B"
ID3-ID0 = 1010 Chip version "C" and later.

This register’s initial state after reset is: 1xxx0001 or
1xxx1010 based on chip version.

Loopback Control Register (Index 13)

D7 D6 D5 D4 D3 D2 D1 DO
[LBA5S LBA4 LLBA3 LBA2 LBA1 LBAO [ res | LBE |

LBE Loopback Enable: This bit will enable

the loopback mode of the CS4248 from
the ADC'’s output to the DACs. When
enabled, the data from the ADC's are
digitally mixed with other data being
delivered to the DACs.

0 - Loopback disabled
1 - Loopback enabled

LBAS-L BAO Loopback Attenuation: These bits

determine the attenuation of the
loopback from ADC to DAC. Each
attenuation step is -1.5 dB.

See Table 7.

This register’s initial state after reset is: 000000x0

DMA Count Registers

The DMA Count registers allow easier integra-
tion of the CS4248 in ISA systems. Peculiarities
of the ISA DMA controller require an external
count mechanism to notify the host CPU of a
full DMA buffer via interrupt. The programma-
ble DMA Count registers provides this service.
This register should be loaded with the buffer
size minus one.

CS4248

The Base Count register contains the number of
samples which occur before an interrupt is gen-
erated on the INT pin. The act of writing a value
to the Upper Base register cause both Base regis-
ters to load the current count. register. Once
transfers are enabled, each sample will decre-
ment the current count registers until zero is
reached. The next sample after zero generates an
interrupt and reloads the count registers with the
values in the Base registers. The interrupt is
cleared by a write to the Status register.

The count register is only decremented when
either the PEN or CEN bit is enabled AND a
sample occurs.

Upper Base Register (Index 14)

D7 D6 D5 D4 D3 D2 D1 DO
[ UB7 UB6 UB5 UB4 UB3 UB2 UB1 UBO |

Upper Base Bits: This byte is the
upper byte of the base count register.
It represents the 8 most significant bits
of the 16-bit base register. Reads from
this register return the same value

- which was written. The current count
registers cannot be read. The base
register should be loaded with the buffer
size minus 1.

UB7-UBO

This register’s initial state after reset is: 0000000

Lower Base Register (Index 15)

D7 D6 D5 D4 D3 D2 D1 DO
[ LB7 LBs 1B5 LB4 LB3 LB2 LB1 LBO |

LB7-LBO Lower Base Bits: This byte is the
lower byte of the base count register.
It represents the 8 least significant bits
of the 16-bit base register. Reads from
this register return the same value
which was written. The current count
registers cannot be read. The Base
register should be loaded with the
buffer size minus one.

This register’s initial state after reset is: 00000000

DS106PP3

This Ma! Coa/raﬂ'éba % Hesnag%ahﬁer h q l= - C Y S

4-249




y J yr17r g J 13
F - CS4248

Direct Registers:

A1 A0 D7 D6 D5 D4 D3 D2 D1 DO
olofo[ NIT | MCE [ TRD | - | a3 IA2 IA1 1A0
1ol 1] D7 D6 ID5 iD4 ID3 ID2 ID1 DO
2l 1]0o] cuL cbR_| croy | SER | PUL PUR | PRDY | INT
3/ 1]1] cp7 CD6 cD5 CD4 CcD3 CcD2 cD1 cbo
3] 1] 1

PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Indirect Registers:

1A3-1A0 D7 D6 D5 D4 D3 D2 D1 DO
0 LSS1 LSS0 LMGE - LIG3 - LIG2 LIG1 LIGO
1 RSS1 RSSO0 RMGE - RIG3 RIG2 RIG1 RIGO
2 LX1M - - LX1G4  IX1G3  LX1G2 ~  LX1G1  LX1GO
3 RAX1M - - RX1G4  RX1G3 RX1G2 RX1G1  RX1G0
4 LX2M . - 1X2G4  LX2G3  LX2G2  LX2G1  LX2GO
5 RX2M - - RX2G4 RX2G3 RX2G2 RX2G1  RX2G0
6 LOM - LOA5 LOA4 LOA3 LOA2 LOA1 LOAO
7 ROM - ROA5 ROA4 ROA3 ROA2 ROA1 ROAO
8 - FMT cL | sMm CSF2 CSF1 CSFo csL
9 CPIO PPIO - - ACAL sbc | CEN PEN
10 XCTL1 XCTLO - - DEN - IEN -
11 coR | PUR acl | Dms ORR1 ORRO ORL1 ORLO
12 1 | - - . . ID3 ID2 ID1 DO
13 LBA5 LBA4 LBA3 LBA2 LBA1 LBAO | - | BE
14 UB7 UB6 UBS UB4 UB3 UB2 UB1 UBo
15 LB7 LB6 LB5 LB4 LB3 LB2 LB1 LBO

Table 3. Register Bit Summary

4-250 DS106PP3
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IG3 1G2 IG1 GO Level OA5 0OA4 OA3 0OA2 0OA1 OAO0| Level
0 0 0 0 0 0.0dB 0 0 0 0 0 0 0 0.0dB
1 0 0 0 1 1.5 dB 1 0 0 0 0 0 1 -1.5dB
2 0 0 1 0 3.0dB 2 0 0 0 0 1 0 -3.0dB
3 0 0 1. 1 45dB 3 0 0 0 0 1 1 -4.5 dB
12 1 1 0 0 18.0 dB 60 1 1 1 1 0 0 [-90.0dB
13 1 1 0 1 19.5dB 61 1 1 1 1 4] 1 -91.5dB
14 1 1 1 0 21.0dB 62 1 1 1 1 1 0 [-93.0dB
15 1 1 1 1 225dB 63 1 1 1 1 1 1 -94.5 dB
Table 4. ADC Input Gain Table 6. DAC Output Attenuation
XxG4 XxG3 XxG2 XxG1 XxGO Level LBA5 LBA4 LBA3 LBA2 LBA1 LBAO | Level
0 0 0 0 0 0 12.0 dB 0 0 0 0 0 0 0 0.0dB
1 0 0 0 0 1 10.5dB 1 0 0 0 0 0 1 -1.5dB
2 0 0 0 1 0 9.0dB 2 0 0 0 0 1 o} -3.0dB
3 0 0 0 1 1 7.5dB 3 0 0 0 0 1 1 -4.5dB
4 0 0 1 0 0 6.0dB .
5 0 0 1 0 1 4.5 dB
6 0 0 1 1 0 3.0dB . .
7 0 0 1 1 1 1.5dB 60 1 1 1 1 0 0 |-90.0dB
8 0 1 0 0 0 0.0dB 61 1 1 1 1 0 1 -91.5dB
9 0 1 0 0 1 -1.5dB 621 1 1 1 1 1 0 [-93.0dB
10 0 1 0 1 0 -3.0 dB 63 1 1 1 1 1 1 -94.5 dB
11 [} 1 0 1 1 -4.5 dB
12 0 1 1 0 0 -6.0 dB .
Table 7. Loopback Attenuation
24 1 1 0 0 0 -24.0 dB
25 1 1 0 0 1 {-255dB
2B 1 1 0 1 0 -27.0 dB
27 1 1 0 1 1 -28.5 dB
28 1 1 1 0 0] -30.0 dB
29 1 1 1 0 1 -31.5dB
30 1 1 1 1 0 -33.0 dB
31 1 1 1 1 1 -34.5 dB
Table 5. AUX1, AUX2 QOutput Mix Gain
DS106PP3 4-251
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Figure 10. Recommended Decoupling Capacitor Positions
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POWER SUPPLY AND GROUNDING

Figure 9 is the suggested layout for the CS4248.
Similar to other Crystal codecs, it is recom-
mended that the device be located on a separate
analog ground plane. With the CS4248’s parallel
data interface, however, optimum performance is
achieved by extending the digital ground plane
across pins 65 through 68 and pins 1 through 8.
Pins 2 and 8 are grounds for the data bus and are
electrically connected to the digital ground
plane. This minimizes the effect of the bus inter-
face due to transient currents during bus
switching. Figure 10 shows the recommended
positioning of the decoupling capacitors. The ca-
pacitors must be on the same layer as, and close
to, the CS4248. The vias shown go through to
the ground plane layer. See Crystal’s layout ap-
plication note for more information.

COMPATIBILITY WITH AD1848

The CS4248 is compatible with the AD1848 rev.
J silicon in terms of the applications circuit. The
AD1848 rev. K requires 1.0 UF capacitors (not
1000pF) on pins 26 and 31. The CS4248 re-
quires 1000 pF NPO-type capacitors on filter
pins 26 and 31 (not 1.0 PF). To achieve compati-
bility with the CS4248:

1. Correct spacing of pads will ensure that
either 1.0 uF capacitors (for the AD1848
rev. K) or 1000 pF NPO capacitors (for
the CS4248) may be installed.

2. The CS4248 does not require the input
anti-aliasing filters included as an input
R/C for the AD1848 (5.1kQ and 560 pF).
The additional R/C’s can be used with the
(54248 if desired, with no degradation in
performance.

3. Crystal recommends the ground plane as
shown in Figure 9. Any ground plane

CS4248

scheme that achieves acceptable perfor-
mance with the AD1848 should work with
the CS4248.

4. The AD1848 needs extra power and
ground pins. The power pins (VDD) are
pins 24, 45, and 54. The ground pins’
{(GNDD) are pins 25 and 44, The C54248
PLCC package does not use these pins
ard the appropriate power/ground con-
nections can be made.

5. The AD1848 does not contain the select-
able dither (DEN, 110).

6. The AD1848 is not avai;able in a 100-pin
TQFP package.

As far as software is concerned, the CS4248 is
compatible with the AD1848 rev. K in terms of
the mix gain on the AUX1 and AUX2 inputs,
and the position of the output mute block. The
(CS4248 is also software compatible with the
MCE and auto-calibration functionality of the
AD1848 rev. K.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (5612)445-7222

ADC and DAC Filter Response Plots

Figures 11 through 16 show the overall fre-
guency response, pass-band ripple and transition
band for the CS4248 ADCs and DACs. Figure
17 shows the DACs’ deviation from linear phase.

DS106PP3
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Figure 11. 16-bit ADC Filter Response.
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Figure 13, 16-bit ADC Transition Band.

Figure 12. 16-bit ADC Passband Ripple.
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Figure 17. DAC Phase Response.
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Figure 16. DAC Transition Band.
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PIN DESCRIPTION

78 —— DBEN
77 —— DBDIR

76 —— WR

99 — DGND2
89 —— DGND1

98 —— VD2
93 — DO
91 —— D2
90 —— D3
88 —— VD1
87 —— D4
86 —— Db
85 —— D6
84 —— D7
79 —— DGNDS8

92 = D1

0100 — Al

—— _ 74 —= CS
73 —— XCTL1

>
ﬁ

70 = TEST

. CDAK ==,
69 —— DGND7

CDRQ—
PDAK =

PDRQ ——
VD3 =——
DGND3 —
XTAL1I=——
XTAL10——
VD4 ——
DGND4 ——
XTAL2l—
XTAL20 ——
PDWN ——

RFILT =

©Co~Nm

11
12
13
14
15
16
17
18

25

CS4248
100-pin
TQFP
Q)

Top View

RLINE =—— 28
RMIC —— 29
LMIC —— 30

LLINE=—— 31

——

LFILT — 33

]

VREF — 35

VREFI=—— 38
VA1 =— 41
VA2—— 42

AGND1 =] 40
AGND2 =——| 43
LAUX2 — 44
LAUX1 == 45

LOUT=— 46

ROUT = 47
RAUX1=—=] 48
RAUX2 = 49
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__A K_ RD
CDAK cs
CDRQ X 9 7 5 3 1 67 65 63 6 f XCTL1
roak g “g/ %,
vD3 N\ CS4248 75 TEST
DGND3 % 15 68-pin 55 :}:ré;“ * NC (Vpp)
i
I =5
vD4 _ 19 (L) 51— NC
DGND4 = 21 49 S NC
XTAL2I Top View . NC
XTAL20 f 2 “ jj& NC
PDWN j 2 4 3\‘ NC
* NC (Vbp) 27 29 31 33 35 37 39 41 43 NC
* NC (GNDD) * NC (Vop)
RFILT * NC (GNDD)
RLINE RAUX2 -
RMIC RAUX1
LMIC ROUT
LLINE LOUT
LFILT LAUX1
VREF LAUX2
VREFI AGND2
AGND1 * see Power Supply section VA2

Parallel Bus Interface Pins

CDRQ - Capture Data Request, Output, Pin 12 (L), Pin 7 (Q).
The assertion of this signal indicates that the codec has a captured audio sample ready for
transfer. This signal will remain asserted until all the bytes from the capture buffer have been
transferred.

CDAK - Capture Data Acknowledge, Input, Pin 11 (L), Pin 6 (Q).
The assertion of this active low signal indicates that the RD cycle occurring is a DMA read
from the capture buffer.

PDRQ - Playback Data Request, Output, Pin 14 (L), Pin 9 (Q).
The assertion of this signal indicates that the codec is ready for more playback data. The signal
will remain asserted until the bytes needed for a playback sample have been transferred.

DS106PP3 4-257
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PDAK - Playback Data Acknowledge, Input, Pin 13 (L),b Pin 8 (Q).
The assertion of this active low signal indicates that the WR cycle occurring is a DMA write to

the playback buffer.

A< 1:0> - Address Bus, Input, Pin 9, 10 (L), Pin 100, 1 (Q).
These address pins are read by the codec interface logic durlng an I/O cycle access. The state of -
these address lines determines which register is accessed.

RD - Read Strobe, Input, Pin 60 (L), Pin 75 (Q).
This signal defines a read cycle to the codec. The cycle may be an IO cycle read, or the cycle
could be a read from the codec’s DMA sample registers.

WR - Write Strobe, Input, Pin 61 (L), Pin 76 (Q).
This signal indicates a write cycle to the codec. The cycle may be an IO cycle write, or the
cycle could be a write to the codec’s DMA sample registers.

CS - Chip Select, Input, Pin 59 (L), Pin 74 (Q).
The codec will not respond to any I/O cycle accesses unless this s1gnal is active. This signal is
ignored during DMA transfers.

D< 7:0> - Data Bus, Input/Output, Pin 65-68, 3-6 (L), Pin 84-87, 90-93 (Q).
These signals are used to transfer data to and from the CS4248.

DBEN - Data Bus Enable, Output, Pin 63 (L), Pin 78 (Q).
This pin indicates that the bus drivers attached to the CS4248 should be enabled This signal is

normally high.

DBDIR - Data Bus Direction, Output, Pin 62 (L), Pin 77 (Q).
This pin indicates the direction of the data bus transceiver. High points to the CS4248, low
points to the host bus. This signal is normally high.

IRQ - Host Interrupt Pin, Output, Pin 57 (L), Pin 72 (Q).
This signal is used to notify the host of events which need servicing.

Analog Inputs

LLINE - Left Line Input, Pin 30 (L), Pin 31 (Q).
Nominally 1 VRMS max analog input for the Left LINE channel, centered around VREE The
LINE inputs may be selected for A/D conversion via the input multiplexer (10).

RLINE - Right Line Input, Pin 27 (L), Pin 28 (Q).
Nominally 1 VRMS max analog input for the Right LINE channel centered around VREE. The
LINE inputs may be selected for A/D conversion via the input multiplexer (I1).
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LMIC - Left Mic Input, Pin 29 (L), Pin 30 (Q).
Microphone input for the Left MIC channel, centered around VREF. This signal can be either
1 VrRMs (LMGE = 0) or 0.1 VrMs (LMGE = 1). The MIC inputs may be selected for A/D
conversion via the input muitiplexer (10).

RMIC - Right Mic Input, Pin 28 (L), Pin 29 (Q).
Microphone input for the Right MIC channel, centered around VREE. This signal can be either
1 VrRMs (RMGE = 0) or 0.1 VrRMs (RMGE = 1). The MIC inputs may be selected for A/D
conversion via the input multiplexer (I1).

LAUX1 - Left Auxiliary #1 Input, Pin 39 (L), Pin 45 (Q).
Nominally 1 VRMS max analog input for the Left AUX1 channel, centered around VREF. The
AUXI1 inputs may be selected for A/D conversion via the input multiplexer (10). A
programmable gain block (I12) also allows routing to the output mixer.

RAUXI1 - Right Auxiliary #1 Input, Pin 42 (L), Pin 48 (Q).
Nominally 1 VRMs max analog input for the Right AUX1 channel, centered around VREE
The AUXI inputs may be selected for A/D conversion via the input multiplexer (I1). A
programmable gain block (I3) also allows routing to the output mixer.

LAUX2 - Left Auxiliary #2 Input, Pin 38 (L), Pin 44 (Q). -
Nominally 1 VRMS max analog input for the Left AUX2 channel, centered around VREE. A
programmable gain block (I4) allows routing of the AUX2 channels into the output mixer.

RAUX2 - Right Auxiliary #2 Input, Pin 43 (L), Pin 49 (Q).

Nominally 1 VRMs max analog input for the Right AUX?2 channel, centered around VREE. A
programmable gain block (I5) allows routing of the AUX2 channels into the output mixer.

Analog Outputs

LOUT - Left Line Level Qutput, Pin 40 (L), Pin 46 (Q).
Analog output from the mixer for the left channel. Nominally 0.707 VrRMS max centered
around VREF.

ROUT - Right Line Level Output, Pin 41 (L), Pin 47 (Q).
Analog output from the mixer for the right channel. Nominally 0.707 VRMs max centered
around VREE ’

Miscellaneous

XTALII - Crystal #1 Input, Pin 17 (L), Pin 12 (Q).
This pin will accept either a crystal with the other pin attached to XTAL1O or an external
CMOS clock. XTAL! must have a crystal or clock source attached for proper operation. The
standard crystal frequency is 24.576 MHz although other frequencies can be used. The crystal
should be designed for fundamental mode, parallel resonance operation.
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XTALI1O - Crystal #1 Output, Pin 18 (L), Pin 13 (Q).
This pin is used for a crystal placed between this pin and XTALI1L

XTAL2I - Crystal #2 Input, Pin 21 (L), Pin 16 (Q).
If a second crystal is used, is should be placed between this pin and XTAL20. The standard
crystal frequency is 16.9344 MHz although other frequencies can be used. The crystal should
be designed for fundamental mode, paralle] resonance operation.

XTAL20O - Crystal #2 Output, Pin 22 (L), Pin 17 (Q).
This pin is used for a crystal placed between this pin and XTAL2L

PDWN - Power Down Signal, Input, Pin 23 (L), Pin 18 (Q).
Places CS54248 in lowest power consumption mode. All sections of the CS4248 except the bus
interface logic which reads 80h, are shut down and consummg minimal power. The CS4248 is
in power down mode when this pin is loglc low.

XCTLO, XCTL1 - External Control, Output, Pin 56, 58 (L), Pin 71, 73 (Q). _
These signals are controlled by register bits inside the CS4248. They can be used to control
external logic via TTL levels.

VREF - Voltage Reference, Output, Pin 32 (L), Pin 35 (Q).
All analog inputs and outputs are centered around VREF which is nominally 2.1 Volts. This
pin may be used to level shift external circuitry, although any AC loads should be buffered.
High internal-gain microphone inputs can be slightly improved by placing a 10uF capacitor on
VREE _

VREFI - Voltage Reference Internal, Input, Pin 33 (L), Pin 38 (Q).
Voltage reference used internal to the CS4248 must have a 0.1 UF + 10 uF capacitor with short
fat traces to attach to this pin. No other connections should be made to this pin.

LFILT - Left Channel Antialias Filter Input, Pin 31 (L), Pin 33 (Q).
This pin needs 1000 pF NPO capacitor attached and tied to analog ground,

RFILT - Right Channel Antialias Filter Input, Pin 26 (L), Pin 25 (Q).
This pin needs 1000 pF NPO capacitor attached and tied to analog ground.

TEST - Test, Pin 55 (L), Pin 70 (Q).
This pin must be tied to ground for proper operation.

Power Supplies

VA1, VA2 - Analog Supply Voltage, Pin 35, 36 (L), Pin 41, 42 (Q)
Supply to the analog section of the codec.
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AGND1, AGND2 - Analog Ground, Pin 34, 37 (L), Pin 40, 43 (Q).
Ground reference to the analog section of the codec. Internally, these pins are connected to the
substrate as are DGND3/4/7/8; therefore, optimum layout is achieved with the AGND pins .on
the same ground plane as DGND3/4/7/8 (see Figure 10). However, other ground arrangements
should yield adequate results.

VD1, VD2 - Digital Supply Voltage, Pin 1, 7 (L), Pin 88, 98 (Q).
Digital supply for the parallel data bus section of the codec.

VD3, VD4 - Digital Supply Voltage, Pin 15, 19 (L), Pin 10, 14 (Q).
Digital supply for the internal digital section of the codec (except for the parallel data bus).

DGND1, DGND2 - Digital Ground, Pin 2, 8 (L), Pin 89, 99 (Q).
Digital ground reference for the parallel data bus section of the codec. These pins are isolated
from the other digital grounds and should be connected to the digital ground section of the
board (see Figure 10).

DGND3, DGND4, DGND7, DGNDS - Digital Ground, Pin 16, 20, 53, 64(L), Pin 11, 15, 69, 79(Q)
Digital ground reference for the internal digital section of the codec (except the parallel data
bus). These pins are connected to the substrate of the die as are the AGND pins; therefore,
optimum layout is achieved by placing DGND3/4/7/8 on the analog ground plane with the
AGND pins as shown in Figure 10. However, other ground arrangements should yield
adequate results.

* NC (VpDp) - No Connect, Pins 24, 45, 54 (L)
These pins are no connects for the CS4248. When compatibility with the AD1848 is desired,
these pins should be connected to the digital power supply. For other compatibility issues, see
the Compatibility with AD1848 section of the data sheet.

* NC (GNDD) - No Connect, Pins 25, 44 (L)
These pins are no connects for the CS4248. When compatibility with the AD1848 is desired,
these pins should be connected to digital ground. For other compatibility issues, see the
Compatibility with AD1848 section of the data sheet.
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PARAMETER DEFINITIONS
Resolution

The number of bits in the input words to the DACs and in the output words in the ADCs.

Differential Nonlinearity
The worst case deviation from the ideal code width. Units in LSB.

Total Dynamic Range
TDR is the ratio of the rms value of a full scale signal to the lowest obtainable noise floor. It is

measured by comiparing a full scale signal to the lowest noise floor possible in the codec (i.c.
attenuation bits for the DACs at full attenuation). Units in dB.

Instantaneous Dynamic Range :
IDR is the ratio of a full-scale rms signal.to the rms noise available at any instant in time,
without changing the input gain or output attenuation settings. It is measured using S/(N+D)
with a 1 kHz, -60 dB input signal, with 60 dB added to compensate for the small input signal.
Use of a small input signal reduces the harmonic distortion components to insignificance when

compared to the noise. Units in dB.

Total Harmenic Distortion (THD)
THD is the ratio of the test signal amplitude to the rms sum of all the in-band harmonics of the

test signal.

Interchannel Isolation ‘
The amount of 1 kHz signal present on the output of the grounded input channel with 1 kHz

0 dB signal present on the other channel. Units in dB.

Interchannel Gain Mismatch
For the ADCs, the difference in input voltage that generates the full scale code for each
channel. For the DACs, the difference in output voltages for each channel with a full scale
digital input. Units.in dB.

Offset Error
For the ADCs, the deviation in LSBs of the output from mid-scale with the selected input
grounded. For the DACs, the deviation in volts of the output from VREF with mid-scale input
code.
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Fol—- 4o+ ' MECHANICAL DATA

MECHANICAL DATA
. MILLIMETERS INCHES
58 15 ‘f 28 pm- 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
x J - 10° - 10°
cH v Dok B¢ oL g K | 14.99 | 15.49 | 0.590 | 0.610
L

0.20° | 0.30 | 0.008 | 0.012

r’8H P }_
5
o1 4 iA 8 pin. MILLIMETERS | _ INCHES
AT T T Plastic DIP MIN MAX MIN MAX
610 | 660 | 0.240 | 0.260
B —| L 914 | 10.2 | 0.360 | 0.400
1 . 0.38 | 1.52 | 0.015 | 0.060
H 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

'3 :
bl »H-; * vl
M

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.

grxhzmmmoow>E

NN . MILLIMETERS INCHES

7Y
[ g A 16 pi DIM| MIN | MAX | MIN [ MAX
Ty Praotic DIP A [ 610 | 6.60 | 0.240 | 0.260
B | 18.80 | 19.30 | 0.740 | 0.760
— —-1 c | 132 [ 289 | 0.015] 0.035
° i D | 254BSC 0.100 BSC
E)\ E 102 [ 178 | 0.040 [ 0.070
EJ F [ 038 | 053 | 0.015] 0.021
H S |<+u< G G | 051 [ 1.02 | 0.020] 0.040
C DE F SEATING M H | 381 | 508 | 0.150] 0.200
‘ PLANE J | 292 [ 343 ] 0.115] 0.135
NOTES: K| 0o [ 10 o | 10°
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN L | 7.62BSC 0.300BSC
0.13MM (0.005") AT MAXIMUM MATERIAL CONDITION, IN M [ 020 [ 0.38 | 0.008] 0.015]

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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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
B [ F | 0.36 | 056 | 0.014 | 0.022
v bH , G | 051 | 1.02 [0.020 | 0.040
RN H | 394 | 457 | 0.155] 0.180
,j o i e rlle 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 | 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.
ansananssos MILLIMETERS| _ INCHES
28 15/ F DIM[ MIN | MAX | MIN | MAX
_ A 28 pin A | 1372 | 1422 | 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 Wﬁf@—% J H | 394 | 508 | 0.155 | 0.200
,J ARRA = K™ ™ ; 269"2 3;;,3 o.(1) 15 0i15 35
CDEF SEAT NG L | 1524BSC | 0600BSC
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.
MD4 11-13
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r J ¥y7r77r JZ 7 4 . . ’ .
-5 MECHANICAL DATA
O D

MILLIMETERS | INCHES

AAAA DIM | MIN | MAX | MIN | MAX
8 Pin A | 525 5.30 ] 0.207] 0.209

] soIC B 1.27 TYP 0.050 TYP_

c 7° NOM 7° NOM
gt D | 0.120] 0.180 | 0.005] 0.007
»l 1+ B . E | 180 1.86 | 0.071] 0.073

: F 45° NOM 45 °NOM

A Fra Grye G _7°NOM5 77 NOM
‘ — H | 0.95] 0.205]0.0078]0.0082

D L% _i E H,!.J LY | 2° 4° 2° 4°

A A 4_-J — A J N . ; -
«— K> K | 657 | 6.63 | 0.259] 0.261
«—L— L | 785 7.95 | 0.308] 0.312

| . [MILLIMETERS | INCHES

[PINS T MIN | MAX | MIN | MAX
~ 16 | 9.91 | 10.41 | 0.390 [ 0.410
20 | 1245 | 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
4. c—] SoIC A see table above
o B 1.27|BSC 0.050[BSC
—1 C 70 NOM 7° NOM
FOEH  BFH D | 0.127 | 0.330! 0.005| 0.013
> lep lem E [ 241 | 267 | 0.095] 0.105]
F 45° [NOM 45°INOM
+% Al g 012020 Noognm - Noogqs
' — e , . .381] 0.008] 0.
Dgﬁ%jE Hy (A I 2° g° 2° g°
Iy A|le—yg—i]| 4 J [ 742 | 759 | 0292 0.298
’4_,(_.‘ K | 876 | 9.02 | 0.345| 0.355
L [10.16 | 10.67 | 0.400| 0.420
— L M [ 033 | 051 | 0013] 0.020

11-14 ’ ‘ MD4
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EvEsaves & &5 MECHANICAL DATA
ﬁﬁﬁﬁﬁﬁﬁ —
NO. OF A B c ;
TERMINAL| MIN ~ MAX | MIN  MAX | MIN  MAX ]
ps | 1232 12571143 1158 981 1082 { |
(0.485) (0.495) |(0.450) (0.456) |(0.390) (0-430) I
“ 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 {
" _ 462(0.182) PLCC I
4.11 (0.162) @)
1,14 (0.045) — . —— l
1.27(0.050) | *. 0.63 (0.025) 1.14 (0.045) x 45deg. M
x45deg.NOM 2.41 (0.085) g __NOM
MIN °'25§2;{’,2°)K A
-
i
4
I \ !
] | 1.35(0.053)
¥ | .0.46(0.018) e
0.3 (0013) 7 119(0047)
3 NOM: i
3° NOM
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES.
e ==
A B C
MIN MAX | MIN MAX | MIN MAX i
88 25.02 2527 | 2413 2433 |22861 2362 [
{0.985) (0.995) |(0.950) (0.958) [(0.890) (0.930) I
il Is A
I
68 pin [
4.20 (0.165) Min PLCC I 9 »
5.08 (0.200) Max | 2 2
. — I_,n|_l 9 ‘_‘))u —
1.07 (0.042) Min __| 0.51 (0.020) ¢ ¢ e+l 1.067 (0.042) Min |
1.42 (0.056) Max 1219 (0.048) Max
x45deg.NOM *’ 2.29 (0.090) Min  0.25 (0.010) R |! B X 45deg. Nom
3.30 (0.130) Max Max A

1

N

¢}

&
1 | 0.33(0.013)Min

0.53 (0.021) Max

r

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

MD4 ~ 11-15
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MECHANICAL DATA

44 PIN QUAD FLATPACK
le A
. .
FHHHHHHHHHHH
1 o —
— — & A
F
el
G i
l-;l AEI+ !
A ]
L B
i
=N =
| IR
L
[#] D

[

T

|

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)
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s es & ixm MECHANICAL DATA .
A >
B o
Eef 100-pin TQFP
'1 j MILLIMETERS INCHES
DIM[ MIN | MAX | MIN | MAX
QLR IN AT RT R 00D | A 7575 1625 [ 0.620 | 0.640
B | 13.90 | 14.10 | 0.547 | 0.555
= = [ 0.50 BSC 0.020 BSC
= = D | 010 | 0.20 | 0.004 | 0.012
= = E | 125 | 1.55 | 0.049 | 0.061
= = F | 0.00 | 0.20 | 0.000 | 0.008
= = G | 1.008SC 0.039 BSC
A B = = H | 035 | 065 | 0.014 | 0.026
= = = I | 0.077 | 0.177 | 0.003 | 0.007
= = J 0° 10° 0° 10° .
= = |
=80 = |
1 I (. ’ ‘
« UHHHIJHHUHWWHHHHUIJHHIJH N G
e ale e H
¢ D ! |
|
\
[ / \ |
A" _ |
J A(’/ |
|
MD4 11-17
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