CX20152

Dual 16 bit, 88 kHz, Multiplexed D/A

Description

CX20152 is a 16-bit D/A converter IC for PCM
audio. {t uses an integration system consisting of
the following circuits.
® Clock signal generator
® TTL-ECL interface circuit
® Discharge drive circuit
® Analog switch drive circuit
® 1/4 frequency divider output circuit
By adding an integrator, analog switch and low pass
filter externally to the IC, analog signal is repro-
duced from the 16-bit digital data.

Features

® Conversion frequency 88.2kHz

® Serial data input

® Low distortion factor 0.003% (typ.)

Structure
Bopolar Sillicon Monolithic IC

Absolute Maximum Rating

®Supply voltage Vcc to VEE
® Operating temperature Topr

® Storage temperature Tstg

® Allowable power dissipation PD

Recommended Operating Conditions
@ Supply voltage Vce
VEE

Evaluation Board Available — CX20152PCB

Package Outline Unit:

mm

28 pin DIP

+0.1
-0.05

L 38.2 Max

13 x 2.64 = 33.02

12 Y
~20to +75 °C
—55t0 +150 °C
2.1 w

5 0,25 \%
-5 $0.25 v
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Pin Description

No. Symbol Description
1 DVEe Digital VEe: — 5V
2 suB IC substrate: Be sure to connect to Pin 1.
3 SCLK System clock output pin
4 vce Digital Vcc: +5V
5 ON/OFF Pin to determine the system clock on/off
6 LATCH Clock pin of D type latch
7 LRCK LRCK input pin
8 WCLK WCLK input pin
9 BCLK BCLK input pin
10 DIN DIN (data input pin): MSB first
11 LRCK OUT LRCK output pin
12 CcC CC input pin
13 DGND Digital ground
14 DVEE Digital Vee: — 6V
15 DCR Right channel discharge drive signal output pin
16 ISET Integration current setting pin
17 IOUTR Right channel current output pin
18 10UTL Left channel current output pin
19 NC No connection
20 AVEE Analog VEE
21 AGND Analog GND
22 DGND Digital GND
23 DCL Left channel discharge drive signal output pin
24 DC BIAS Discharge circuit bias pin
25 CcCouT Clock generator output pin
26 CIN Clock generator positive input pin
27 CIN Clock generator negative input pin
28 DGND Digital GND
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CX20152 Input/Output Pin Equivalent Circuits

No. Symbol Equivalent Circuits
1 DVEE
2 SuUB
Vee
{ 3 ’ SCLK
3 SCLK
Negative protection
device
DGND
4 Vce
ON/OFF
3470
50k
A'A'A :
J b
5 ON/OFF 70k S
s =
30k 2 0k 3 <
ovee @-
Vee {4 }
6 LATCH
LATCH
{LRCK)
a7 3
7 LRCK
OVEgEg (14
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No. Symbol Equivalent Circuit
Vce @ ’ R °
8 WCLK %
WCLK
{BCLK)
(DIN)
(cc)
9 BCLK
x t 60k
10 DIN
20k
D),
DV
12 cc = (8-
vee (a4
® !
LRCK OUT
L' gt
" LRCK OUT
<
10
14) DVee
13 DGND
14 DVEE
DC BIAS @
15 DCR
O DCR
{DCL)
DGND
23 DCL
'y x
24 DC BIAS
DVee @
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No. Symbol Equivalent Circuits
22 DGND
@AGND
1seT (16) [
16 ISET
2k
20) AVee

I0UTR

(louTL)
17 IOUTR AGND (71
18 1IOUTL

10 io
AVEE@

19 NC
20 AVEE
21 AGND

@DGND
25 CouT

cm._ couT
26 CIN ciN(Z?
49k 3 Jask
)

27 CIN T ™ over
28 DGND
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Electrical Characteristics o
{Ta=25°C, Vgg = -5.0V, V¢ =5.0V)

Item Symbol Conditions Min. Typ. | Max. Unit

Circuit current lee 1,2,14,20 Pins 4,5 =5V -125 -95 mA

N Pin § = 5V
Circuit current lech 4 6.7,8.9,10,12. GND} 126 155 mA

Pin 6 =0V

ircui lccz - .
Circuit current 4 (6,7.8.9.10, 12, GND} 59 10.0 mA
Input threshold volitage VTH 6,7,8,9,10,12 2.1 v
High level input voltage Vi 6,7,8,9,10,12 29 v
Low level input voltage ViL 6,7,8,9,10,12 0.9 v
High level input current 1 IH1 5 ViH = 5V 0.7 1.3 mA
High level input current 2 hH2 6,7,8,9,10,12 ViH = 5V 250 550 uA
Low level input current 1 1 5 ViK = OV 0.35 0.8 mA
Low level input current 2 w2 6,7.8,8,10,12 ViL = OV 120 550 uA

. With Pin 7 at 4.5V, set Ig = -100uA and input
High level output voltage VLIRCKH 1 a clock of OV—5V—0V to Pin 6. 2.7 4.2 \"

With Pin 7 at OV, set lg = 100uA and input
i { - -2.

Low level output voltage VLRCKL 1 a clock of OV—~5V—0V to Pin 6. 3.1 2.7 \
SCLK output, high level Vscukn 3 IoH = — 10uA 34 4.2 v
SCLK output, low level VSCLKL 3 oL = 400pA 05 1.6 \'

Discharge circuit power

4 = B .
dissipation current foceias 2 VDCBIAS = OV 1.9 25 mA

Discharge circuit high level Pin 24 voltage = 1.3V

4 K
output voltage Vocu 15,23 Load current = 1.2mA 0 0 0.85 v
Discharge circuit low level Pin 24 voltage = 1.3V
. -3.4 \
output voltage Voct 15.23 Load current = 1.2mA 42 3
ISET current ISET 16 05 1.0 mA
Pins 17,18: Voltage = OV
| tput ent 17,18 . X mA
OUT outeut curr tour Pin 16: ISET = 500pA llout = lo + io) 2008
Clock input bias voltage VeIN 26, 27 -1.3 v
Clock high ievel output Veon 25 08 v
voitage
Clock low levet output Veol 25 16 v
voltage
. o Pins 17, 18:  Voltage = OV when the current
! 1.
Current output pin leakage LEAK 17,18 output is off. 5 BA
Current ratio lo/ie 17,18 Pin 16: ISET = 500uA 255.0 | 256.0 | 257.5 -
THD1 Both right and left; 0dB (full scaie) when reproduced. 0.003 | 0.005 %
Distortion factor
THD2 Both right and teft; -20dB when reproduced. 0.02 | 0.025 %
Operation clock frequency foukt Both self-drive & external-drive Ta =-20 ~ +70°C 68 80 MHz
Operation clock frequency fowez Both setf-drive & externa!-drive Ta = ~20 ~ +75°C 68 75 MHz
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Description of Conversion Operation
(1) Data pickup (BCLK, DIN, WCLK, LRCK)

Data consist of 16-bit serial signals in 2's complement. They are transmitted into the IC sequentially from the MSB in
synchornization with the rise edge of the bit clock (BCLK). (The BCLK delay will change the data. The falling edge
changes the data.)

When the word clock (WCLK) is changed from high level to low level at the 17th BCLK, the 16-bit data is transferred
from the shift register to the latch with the decay signal. When CX20152 is used in the stereo mode, other-channel
data are transmitted from the 17th BCLK.

In the stereo mode, the Rch data is picked up when LRCK is at a low level and the Lch data is picked up when L.LRCK
is at a high level. 10UTL and DCL operate only when LRCK is at a low level, and IOUTR and DCR operate only
when LRCK is at a high level.

(2

Conversion operation (CC, LRCK, CIN, IQUTL, IOUTR, DCL, DCR)

When more than 3 clocks are fed from the clock input (CIN) with the conversion command {CC) at a high level, all
the internal timing circuits are reset.
After the resetting, the internal timing circuit starts operation when a clock is input from CIN with CC at a low level.

From this operation, three signals, Discharge, Counter set and Integral current Start, are generated. Timing of these
signals is determined as follows by the clock interval To and its quantity.

cc j

e t1 ngq
Discharge signal '
Counter set signal :‘_" * €=

Integral current start signal

t1=35x7Tg
12=67xT,
13=31xTp
t4=65xTp
5Min=47xT7y (When the input data is 01 — 1}
t5 Max = 302 x g (When the input data is 10 — 0)

The counter set signal is used to set the data input in the latch to the counter but does not output externally.

The discharge signal is output from DCL and DCR and controlled by LRCK. It is output from DCL when LRCK is
at a low level and from DCR when LRCK is at a high level.

The integral current start signal starts the upper current lo and tower current io flowing. The counter starts count-
ing from the preset value simultaneously when the discharge signal is off, counts 11 offsets after the end of the
counting and outputs a signal to stop the integration current. The value t5 is varied between 0 to 255 by the input
data value preset to the counter.

Therefore, the time before the end of the integration after the low level has been set, i.e. the conversion time, requires
the maximum (t4 +t5 Max = 367 x 7,) seconds.

The integration current of IOUTL is output, as with the discharge signal, when LRCK is at a low levet; IOUTR is
output when LRCK is at a high level.
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(3) The relation between sampling frequency fg and clock

i/fs

LRCK

[
|
1
|
permeL Lt

t2

|
e LT ]
tntegration current -l | |
I r-J—-q ts Min |
ol ts Max .
P o
! : : I VO Max
Integrator output l :
| !
il
|
)|
||
I |
}
: |
I I VO Min
1/
GND _———
LRCK OUT—‘
— Deglitching period —"—'L

The maximum and minimum values of the integration voltage output, Vo Max and VO Min , are expressed as follows.

lo * % ioi *

Vo Max =G To 267 +517'266 (ta+ts Max)
R lO * i0 *

VO Min = T % 12+E To 11 {ta+ts Min)

where fcLk is a clock frequency and 7 is a period.

The integration voltage is held by the capacitor C in the integrator when the current is switched off. This voltage is
used as D/A conversion output during the deglitching period T which is given according to the settling time of the
deglitching circuit.

The relation between the conversion frequency fs and the clock frequency FCLK is given as below assuming that the
conversion time and deglitching period are equivalent:

- ferk _ fex
2x {ta*ttsmax) 734

fs

where fs = 44.1 kHz results in 32.4 MHz of f¢ k
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It is, however, recommendable to specify f5 as the follow for the practical use because a settling time of 0.5 to 1.0 us
is required for the integrator after the current for t5 disappears:

- fcLk
2(ts+ts Max + 1.0(ush)+ T

fs

(4) Integration current setting (ISET, IOUTL, IOUTR)
Integration current is determined by a constant current value input through the ISET pin, which is given as below:
IOUTL (R) =l +iq = (4 +6'—4) ISET

where iy and |, are integration currents corresponded to the ILSB and 28+ LSB, respectively.

If Dy and D,s are specified as MSB and LSB, respectively, integrator output voltage V, is given by the following
equation:

Vo ='—c°(oo“27 +D,*27+..... +D,%2° + 12)7,

¥ Ico(B‘s'z’+E'26+~~~-+TT,5*2"+11)T0

where ISeT = 500 uA, 7 =-Z£5(I:/I—H) = 28.6 {ns) and C=2000 pF result in the maximum output voltage VO Max
z

of the integrator when any of a value from 10to O is given as an input data. Based on the relations below,

lo = 4% IseT
. 1
lo =6_4 *ISET

VO Max is calculated as the foliow:

_20x103 , ., 5
VO Max = 2000 x 10712 267728.6 x 10

400*107°/64 .
,300710° /64

2000 1077 2667286 x 107
X

=7.67 (V)
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{5) LRCK OUT operation (LATCH, LRCK, LRCK OUT)

The LRCK OUT is a drive output for the analog switch IC (equivalent to MC14053B) to clip the output converted by
CX20152 and the integrator so that the converted output can be a PAM wave. if the PAM wave has a jitter,
a conversion error results. To absorb this jitter, a D-type latch is built-in and the LATCH input is used as its clock.

The D-type latch sets the output state in synchronization with the rise of the clock{ LATCH) and the logic high,

wren LT LT LT L I |
LRCK __m N_{m l_.J
LRCKOUT ___'—_—_l—ff_J I J

Timing of LATCH, LRCK and LRCKOUT

In the high-speed conversion (with sampling frequency of 88.2kHz), the clock frequency is as high as about 70MHz.
This will affect the delay time of the analog switch IC. The delay time possibly becomes equal to t;. Then, the last
part of the PAM wave overlasps on the discharge time for CX20152 causing a considerable conversion error,

In such a case, LRCK level can be fed through by keeping LATCH at a high level.

(6) Clock input/output Pin (COUT, CIN and CIN)

The clock buffer consists of a circuit equivalent to a general-purpose ECL logic circuit, with its input pin biased
with an internal bias circuit {= —1.3V). The output amplitude level is 0.8V.

(7) Bias Pin (DVEE, SUB, DGND, Vcc, AVEE, AGND and DC BIAS)
SUB denotes the IC substrate and its voltage potential should be common to that of DVEE . The standard value of

DVee and AVEe is -5.0V.

Ve is the power supply for the interface circuit from a CMOS or TTL level to the internal ECL logic. Its standard
value is +6V.

DC BIAS is the bias circuit of the discharge signal output circuit. As it requires about 2.5mA as its standard current,
supply current should be 25mA + a. This pin voltage is biased to 2Vf and the value of a is determined as

follows.
To maintain the pin voltage at 2Vf (=~ 1.4V), about 0.5 mA of current is required. Additionally, the maximum

current flowing through the load resistor R attached to DCR (Pin 15) and DCL (Pin 23) is obtained from the follow-
ing equation.
1/RL X (VDCH + |[DVEE|) X 2, where RL = 4.7kohm, VDCH = 0.4V and DVEE = —5V
Hence, a = 0.5 + 1.15 = 1.65 (mA)
Therefore, the total current will be 4 32mA.
We recommend 5mA with R at 4.7 k2.

(8) System clock output pin, ON/OFF (SCKL, ON/OFF) -
SCLK is the output pin of the 1/4 frequency divider of the oscillation circuit’s master clock frequency. The
frequency outputs when the ON/OFF pin is supplied with BV (Vcc) and stops when the ON/OFF pin is

supplied with OV or set to open.
As its output amplitude is 2V and too low to be connected directly to a TTL or CMOS, be sure to amplify before

connection.
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Application Circuit for Operating Deglitcher in Sample/Hold Type

Integrator

Integrator

LRCK
ouT

+5v
| 10k
ABAD
nped
100P
10)(16,
5.1k r- -
(! % e
) 2
sok £ D ' T LPF
L 19— X *
! 2
6.8k .- ¢ L-- 100P
0p T, 7
T /9 —_——=
5.1k : B -
PV A
sk N 3 /2 b= LPF
A 1op +
(7«8
4b -
$ T+
6.8k
-5y 10k
0 add
HPD4OS3 LF353N
-15v
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Timing Chart

LRCK ] 1 —

WCLK

BCLK

DATA O EEEEEEREEEOMEEOEEE NN XA Nk XMAR XX AE
L-CH R-CH

c.c.

LRCK OUT I TCRDEGLTTCH 1 B.CHDEGIITCH |

- —\
INTEGRATOR / A
R-CH OUT s )\ =

DCR '_l I——-‘

4‘\ /l
INTEGRATOR \ -
\ —
L-CH OUT \ <
ocL l l
.. {See Application Circuit Ex. 1)

Timing Chart 11

WCLK —

(03) I
WCLK

(04) L | -
cc

{05) 1

BCLK

(1)

DATA P Ds000a00nnnssssc i N 00000 800000 800 IR

BouT) T3 LcH M L R-CH U L-C MITI

— —

L-CH/R-CH

INTEGRATOR // Ax

OUTPUT - —\

Nem—
DCL/DCR | | | l
LRCK OUT 1 1 L-CH/R-CH DE-GLITCH ]

(See Application Circuit Ex. 2)
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Detailed Timing Chart

Ten Tel ' /

BCLK |

J
DIN ,{/\X VALID ><><X VALID W VALID W%

]
/ I ) 1
wok I | 1 P [
. P TwH L Tw A |
I 7 T 7 !
L Ta | Ten |
I | |
© T, 1
4
| Twe Tow
WCLK / I
4 AV VAV VAV /
Towz /L |
Tcu J I/4 ‘

1

= EXRXXXXXXXK | ~im XXX

i
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TeH
TeL
Tos
ToH
Tow
Tws
TwH
TwL
TeH
Teu
Twe
Tew
Te
TcLe

BCLK "H" Pulse width

BCLK "L" Pulse width

DIN Set-up time

DIN Hold Time

fromDIN "™_to WCLK —__

from WCLK —™_toBCLK _—
WCLK "H" Pulse Width

WCLK "L" Pulse Width

CC "H" Pulse width

CC "L" Pulse width

from WCLK —_to CC —__

from CC ™ _ to WCOLK —__

from CC " _ to LRCK "Invalid-» Valid"
from CC —~__ to LRCK "Valid- Invalid"

min = 100ns

min=100ns

min=>50ns

min=>50ns

min=150ns

min=>50ns

min=100ns

min =100ns

min=4xTM
min=102x1M
max=TcL+TCH- 70 X ™
max =30XTM

max=34 X T™m - 7A - TB/2

min=367XTM™

™M= 1/fMCLK
t A = Delay time produced by external analog switch

8= 1/iBCLK
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Maximum allowable power dissipation

Maximum clock frequency temperature
decrement curve

characteristics
25

160
20 140
\ 60° C/W-free air
A _ S~
15 é 120 ™~ <
= x
z <
g 1.0 g 100
& .
05 80 ™~
0 X
0 40 80 120 160 -20 0 20 40 60 80
Ta (°C) Ta (°C)
lout temperarure characteristics (lo + io) lo/io vs. ISET
(Both of R, Lch)
2000
1
1000
d Vee=—-5V
Ta=25°C
~ e
z 0 e 257
2 2
5 3
3 -1000 = 256
Temp. Coefficient of
~2000 ISET is O.
-20 0 20 40 60 80 100 200 300 400
Te t0) Iset (1A)
Output current vs. Supply voltage (VEE) Distortion factor
IseT=500LA ~70
1007, ! | ’ l l ]
Iour=1Io+io 1.33kA/V —20dB
7
/ -—
N 1006 7 5
E 5 —GOT
g 1003f ] 8
2 P g
/] d £
1004 i g
a Full Scale
Q _gof
1008 =
—4.0 —45 -5 -55 -6 100 1K 10K

Supply voltage (Veg) Frequency (Hz)
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