16 bit D/A Converter

Description Package Outline Unit: mm
The CX20133 is a 16 bit D/A converter IC for - 7
PCM audio using the integrating formula. Analog 28 pin MFP |
signal is reproduced from the 16 bit digital signal 19.2MAX 2.7MAX f
by combining an integrator, analog switch and low- - ,
pass filter to the IC exterior. Following circuits are HABRAAARAARAE f > -
also built-in so that it can be operated in sync with 28 L] (Y I T =00s
. gl °
LSI for CD (compact disc) system. 2| o o !
® Integrating current output 10 18l ~ 2 J
® Two channels of discharge signal output dHEHEEHHEEHE ' ooi
® Level shifting for interface direct with TTL/MOS 0.45 —1.27 o"S:‘EiL-g
LSls. . 13x1.27=1661__ Ha
® Analog switch drive.
Features e T
® Miniat-ure flat package requires only small P EXE)
mounting area.
® Conversion frequency of 44.1 kHz. MFP-28P-L02
® Serial data input.
® Low distortion factor typically at 0.003%.
Structure
® Bipolar Silicon Monolithic IC
Absolute Maximum Ratings (Ta = 25°C)
® Supply voltage Vcc to VEE 12 Vv
® Operating temperature Topr —10to +75 °C
® Storage temperature Tstg —50to +125 °C
® Allowable power dissipation PD 1.1 w
Recommended Operating Conditions
® Supply voitage Vcc 5 + 0.25 v
VEE -5+ 025 Y
-1 - 50688A-TO

SONY reserves the right to change products and specifications without notice.
This information does not convey any license under patent rights of SONY corporation or others
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Pin Description

No. Symbol Description
1 DVee Power supply pin for the digital circuit. Applied with —5 V.
2 SuB IC substrate. Always connected to 1 pin.
3 TEST 1 Test pin, normally open.
4 Vcce Power supply pin for the digital circuit. Applied with +5 V.
5 TEST 2 Test pin, normally open.
6 LATCH Clock pin of D-type clutch.
7 LRCK LRCK input pin.
8 WCLK WCLK input pin.
9 BCLK BCLK input pin. ’
10 DIN DIN (data input pin).
1M LRCK OUT | LRCK output pin.
12 CcC CC input pin.
13 DGND Ground pin for the digital circuit.
14 DVEE Power supply pin for the digital circuit. Applied with —5 V.
15 DCR Output pin of R-channel discharge driving signal.
16 ISET Pin for setting integration current.
17 IOUTR r Output pin for R-channel current.
18 IOUTL Output pin for L-channel current. .
19 NC No connection.
20 AVEE Power supply pin for the analog circuit.
21 AGND Ground pin for the analog circuit.
22 DGND Ground pin for the digital circuit.
23 DCL Output pin for L-channel discharge driving signal.
24 DCBIAS | Bias pin for the discharge circuit.
25 couT Output pin for the clock oscillator.
26 CIN Positive input pin for the clock oscillator:
27 CIN Negative input pin for the clock oscillator.
28 DGND Ground pin for the digital circuit.
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Electrical Characteristics
(Ta = 25°C, VEe = —50V, Veec = 1 0V)

. | . [ 3
Item ' Symbol Condition Min. | Typ. . Max. . Umit ~ Note
. I
Circuit current lE€ 11,214 20 —1121{ -85  mA 1
'Circ:rthcurr:nltd lcc 4 % | 985 125 | mA 1
nput thresho ‘ !
voltage VTH 6.7.8.9,10,12 L2 LoV
High-level ' :
input voltage | VM 6.7.8.9,10,12 28 1 Y
Low-level o
input voltage ViL 6.7.8,8,10, 12 08 | \
High-level !
input current fin 6.7.8.9,10,12 ViH =4 5V 500 i uA
Low-levei I
input current I 6.7.89,10,12 Vit =0V | 500 LuA 1
High-level _ Pin 7 = 45V lon = —1004A ? 5
output voltage ! VLRCKH "1 pin 6:1 ciock input:0V - 5V -0V 27 1 v
Low-level j Pin 7 = 0OV loL = 10CuA
output voltage § VLRCKL ' pin 6:1 clock input: OV -5V -0V, ﬁ -27 v
Clock input I
bias voltage Ve ;26,27 -13 v
Clock high-level i !
output voltage Veer 25 I 08 Y
Clock low-level
output voltage Veor 25 -16 J v
Current output © o 17 1g Pins 17.18: voltage = OV : ;
pin leak i LEAK | ' when current output is off. i | 15 I KA
louT output i Pins 17, 18: voltage = OV 1 ;
current lout 17,18 Pin 16 I1seT = 500uA | 2.008 ., mMA
(lout = lo — io) ‘
Current ratio®1 lojio 17,18  Pin 16 ISET = 2500 A 2650 | 2560 | 2575 | - 2
Discharge H i ;
circuit current Ibc i 24 Set Pin 24 to OV. 1.35 1.9 25 ; mA
dissipation
Discharge circuit . '
el Pin 24 voltage = 1.4V :
high-level output VDCH 15,23 Load current = — 1004A 0.27 0.45 0.77 IV
voltage i :
Discharge circuit | . _
low-level output | VocL | 15,23 24 voltage = 14¥ —42 | -35 | v
voltage f i u = #
Maximum ISeT i Aset 16 'n the range when the louTL(R) , ! 575 A
current MAX current ratio satisfies 255 <lo/ic<257 | “
Both nght and left, OdB (full scale) | :
reproduction 680Hz 0.003 ! 0.005 % i 3
Distortion factor THD B of 2008 ‘
oth nght and left, — ;
reproduction 680Hz 002 | 0025 o 3
Operating clock o I :
frequency fouk Self-activating/Activated | 36 : MHz

Note 1) Ground Pins 13, 17, 18, 21, 22, 24 and 28. Connect Pin 16 via a resistor of 5.1 k(] and keep other pins

open.

2} loand io must satisfy the relation below in the Current Ratio Test Circuit (Fig. 3):
-39 MV} < 1(kQ) X lo (uA}—256 (k1) X io (uA) < 5.9 (mV)

3) See the Test Circuit (Fig. 2).
Conversion frequency: 44.1 kHz
Input data: Use the 16 bit full-scale data (O dB) generated by the data generator.
Distortion meter: Use the HP3394 (with all filters on) or the like provided with 80 kHz LPF, 30 kHz LPF and

400 Hz HPF.

*1 In the Current Ratio Test Circuit (Fig. 3),
—-3.9mV) < 1k€)) X lopA) — 256k () X io(uA) < 5.9(mV)

— 4 —
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Description of the Conversion Operation
(1) Data call (BCLK, DIN, WCLK, LRCK). Refer to Fig. 6.

(2)

The data comes in 16 bit serial signal with 2's compliment. The data is sent sequencially into the IC
beginning from MSB in sync with the rise of the bit clock (BCLK). (The data change represents the
BCLK fall).

When the word clock (WCLK)} is changed from the high-level to low-level at the 17th fall of BCLK,
the 16 bit data is transferred from the shift register to the iatch by the fall signal.

When the CX20133 is used in the stereo mode, data from other channels are sent in from the 17th
BCLK.

In the stereo mode, Rch data is called when LRCK at the low level and Lch data is called in when the
LRCK is at the high level. IOUTL and DCL operate only when LRCK is at the low level and IOUTR and
DCR operate only when LRCK is at the high level.

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

When more than 3 clocks are input from the clock input (CIN) with conversion command at the high
level, all inner timing circuits are reset.

After resetting, the inner timing circuit starts operation when a clock is input from CIN with CC at the
low level. The three signal generated this way are the discharge signal, counter set signal and integrating
signal. Time of these three signals is determined depending on the clock cycle and their number of
qQuantity:

CcC ﬁ

Discharge signal

Counter set signal t

_ _ L1, ﬂ__
integrating current start signal

t1 =34 X 710
t2 =67 X 70 .
t3 =31 X 70
t4 =65 X 70

t5 Min = 45 X ro (inputdataO1to 1)
ts Max = 302 X ro (input data 10 to 0)

The counter set signal is to set the data input to the latch to the counfér and it is not output
externally. .

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

By the integrating current start signal, the upper current lo and lower current io start flowing. The
counter starts counting from the preset value simultaneously when the discharge signal is off, measures
the 11 offsets after completion of counting and outputs a signal to stop the integrating current.

The t5 value is varied between O and 255 by the preset input data in the counter.

Therefore, the conversion time from the start of low CC level to the completion of integrating requires
t4 + t5 sec max.

The integrating current, like the discharge signal, is controlled by LRCK; IOUTL is output when LRCK
is at the low level and IOUTR is output when LRCK is at the high level.
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The Relation between Sampling Frequency fs and Clock

i/ ts

- —~
|
T | L
{
|
DCR/DCL L—"—ﬁ
H
| |
| |
. 14 i ] l
Integration current + - |
| fotef tsMin |
[ Py ts Max N
FET o
| (. | VO Max
| [
Integrator output { :
P! ’
|
|
o
| t
Ly
Loy
Iy
| | VO Min
i
GND S
l J— Deglitching period T ——"‘l_

The maximum and minimum values of the integration voitage output, Vo Max and Vo Min, are expressed as
follows:

VOM3X=I_CD'TO‘267+%'TO'266 {ta + ts Max)

Vo Min =-IC2’70‘12+-|—((:)-’70'11 (ta + ts Min)

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

The mtegratlon 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 whlgh 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 assum-
ing that the conversion time and deglitching period are equivalent:

fcLk _ fCcLK
2 X (ts + tsMax) 734

fs =

where fs =441 kHz results in 32.4 MHz of fcLk.
it is, however, recommendable to specify fs 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 ts disappears:

fcik
ts + tsMax + 1.0 (ush) + T

fs =

-6 —
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(3) Integration current setting (ISET, IOUTL, LOUTR)
Integration current is determined by a constant current value input through the ISET pin, which is
given as below:

IOUTL (R) = lo + io
1
=4 + 64 JISET

where io and lo are integration currents corresponded to the ILSB and 28 SB, respectively.
If Do and D s are specified as MSB and LSB, respectively, integrator output voltage Vo is given by the
following equation:

Vo =I_C0(Do¢27 +§1§27+ ..... +-57.20+12) To
+lc(:)—(58'27+T>9-26+ ----- +Dis+ 2%+ 11) 70

where ISET=500uA, 1o =§5(1Wz-) =28.6 (ns) and C =2000 pF result in the maximum output voltage

Vi Max of the integrator when any of a value from 10 to O is given as an input data. Based on the rela-
tions below,

lo=4+ISET

jo= ! *ISET

°=64 ’

Vo Max is calculated as the follow:

VoMax = =20 X 107° | 674286 x 10-°
° = 2000 x 10- 12 :
500+ 10-¢/64
» » -9
+ 2000 X T0-72 266 =286 X 10
= 7.67 (V)

{4) Operation of LRCK OUT
The LRCK OUT is an output for the analog switch IC (equivalent to MC14053B) drive to clip the
output converted by the CX20133 and integrator as a PAM wave.
A PAM wave jitter may cause a conversion error and a D-type flip-flop is incorporated to eliminate
this jitter; the LATCH input is used as a clock for the flip-flop.

This D-type flip-flop changes the output status in sync with the clock rise. The LRCK OUT operates
only when +5 V is applied to VCC. The output voltage levei ranges from —2.7 V to +2.7 V enough to
drive the CMOS analog switch effectively.

S 15 VYR I [ I [ [ [ A 6 s I 6 I
LRCK _M l><l

LRCK OUT —d ~ L I

Timing of LATCH, LARCK and LRCKO
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(5) Clock input/output pin (COUNT, CIN, CIN)

(6)

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

Bias pin (DVEE, SUB, DGND, Vcc, AVEE, AGND, DC BIAS)

SUB is used at the common potential with DVEE. A standard value for the DVEE and AVEEis —5.0 V.

The CX20133 is devised so that it can operate when voltage at the digital input pin has a value be-
tween either O to —5 V or 0 to +5 V. When operated with an input between O and +5 V, +5 V must
be applied to VCC. In this case, LRCK OUT is output as mentioned above.

When operated with an input between O to —5 V, Vcc must be set open.

DC BIAS is for the bias circuit of the discharge signal output circuit. Supply current of (2.5 mA +a)
from a power supply of +5 V or above, because this pin requires approx. 2.5 mA current as a standard
value. The potential at the pin is biased at 2 V+.

A value a can be determined according to the following procedures. Approx. 0.5 mA current is neces-
sary to retain 2 V¢ (approx. 1.4 V) at this pin. The maximum current that flows through the load resistor
RL attached to DCR {15 Pin} and DCL (23 Pin) is calculated as the follow:

1/RL X (VDCH + |DVEE|)

The above equation results in 1.15 V where RL=4.7 k), VDCH=0.4 V and DVEE=—5 V are specified.
Then a is caiculated as

a =05 4+ 1.156 = 1.65 (mA),

and required current is then obtained as 4.15 mA. Recommended value is 5 mA for RL=4.7 k().



SONY.

CX20133

£20000ZM6E8T4V P11 0D By ereinpy # #

L7234
-

7 ESEST

T 'Bi4

‘aopoeded uasAisAiod e jo st 4dpOOL  #
51 )40
O wiva
e |
/.I—v. M __Leamm 1= 8 Mz 88
“IONN 1

. w1

KR s ] = ot Ot vy
SESOVION [T H 1 Bununy
0 I ] , 9 —-Omwp |
601 1IZIELPISION gL | e T il
L r.l H —l 3B1ey0%10) A
_ r _ 2534
(M v . N\
N sAup
qQ s
s 4
o —— EELOZXD
a0
34 ﬁ\
.1
5
O AS  AS

3NdA1D 188} pue 3ndoa uonedljddy



SONY:

CX20133

£ 614

0]

Yoy
e | e & B O IHN I'PY
viva tHnZ2'e8 |ZHAWY
Q9| a|q|q]o p Am 7
Yo
e e e e | of AG+
4 >o|
PMS|EMS|ZMS | LMS [ ano
Vi €L 211l o0 6 8 & 96 v € 2 I
££102X9 ﬁ
Sl 91 41 8 6l 02 12 22 €2 b2 §2 92 2 82
vAGLG ‘vipg2 135 | o— . | L4 ! 1
— XA—nm |
©° N2 2
95 WOY _
—0 -
1910 HOA

ASl-o

+

wod

T

(W7 0GZ = 13S) UsUm) AL o

(Z/1 ) 1018w uBIp-G €8s 118jeWIIOA
"S91as Ul PajIsuU0d SI0)sISe) 8aoqy (153 9SC

AGl+0

‘jejfesed Ui payoaUUOD
sJoisisal 91 ‘%S0 -+ UA 91 UL

3iNo41) 156 oney Juaun)



CX20133 SONY.

Sampie/Hold Circuit for Deglitching
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Temperature characteristics of louT (lo+id
(R, Lch common)

2000
1000 /

s yd

: pd
- Y
5 L/

~ 1000 ,/

~ 2000

-20 0 20 20 50 80
Ta (°C)

Output current vs. Supply voltage (VEE)
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SONY:
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