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BURR-BROWNG®

PCM67P/U
PCM69AP/AU

Advanced 1 Bit BiCMOS Dual 18-Bit
DIGITAL-TO-ANALOG CONVERTER

FEATURES DESCRIPTION

@ 18-BIT RESOLUTION DUAL AUDIO DAC The PCM67 and PCM69A dual 18-bit DAC are low

@ EXCELLENT THD PERFORMANCE: cost, dual output 18-bit BiCMOS digital-to-analog con-
0.0025% (-92dB) at F/S, K Grade verters utilizing a novel architecture to achieve excel-
1.0% (-40dB) at -60dB, K Grade lent low level performance.

@ HIGH S/N RATIO: 110dB typ (IHF-A) By combining a conventional thin-film R-2R ladder

DAC, a digital offset technique with analog correction

DUAL, CO-PHASE
® DUAL, and an advanced one-bit DAC using first order noise

© SINGLE SUPPLY +5V OPERATION shaping technique, the PCM67 and PCM69A achieve

® LOW POWER: 75mW typical high resolution, minimal glitch, and low zero-crossing

® CAPABLE OF 16X OVERSAMPLING distortion.

@ AVAILABLE IN SPACE SAVING PCM67 digital offset occurs at bit 9, making it ideal for
16-PIN DIP OR 20-PIN SOIC high-performance CD players. PCM69A digital offsct

® OPERATING TEMP RANGE: occurs at bit 4, making it an excellent choice for digital
-25°C to +85°C musical instruments and audio DSP.

@® EXTREMELY LOW GLITCH ENERGY Both PCM67 and PCM69A operate from a single +5V

supply. The low power consumption and small size (16-
pin PDIP or 20-pin SOIC) make these converters ideal
for a variety of digital audio applications.

10-Bit DAC plus
Analog Correction
Reference Analog Output Lch
Servo
Advanced 1-Bit
e
- VCDM
10-Bit DAC plus Buffer O neh
Analog Correction
Digital Signal In /\ Input Analog Output Rch
Add d 1-Bit
DAC
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SPECIFICATIONS

ELECTRICAL

All specifications at +25°C and +V,, +V,, = +5V unless otherwise noted

PCM67/69A
PARAMETER CONDITIONS MIN ™vP MAX UNITS
RESOLUTION 18 Bits <
DYNAMIC RANGE, THD + N at —60dB Referred to Full Scale 106 dB (1]
DIGITAL INPUT Q
Logic Family TTUCMOS Compatible I~
Logic Level: V,, Iy = 250A 2 +V, v [{=}
A I, = $58A 0 08 v =

Data Format Serial, MSB First, BTC™ o
input System Clock Frequency 16.9344 MHz n.
TOTAL HARMONIC DISTORTION + N234
PCMB7P/69AP, PCME7U/69AU

f = 991Kz (0dB) f, = 352.8kHz -86 82 dB

f = 991Hz (-200B) f, = 352.8kHz -68 dB

f = 991Hz (6008} f, = 352.8kHz —40 34 dB
PCMB7P-J/69AP-J, PCME7U-J/69AU-J (%)

f = 991Hz (0dB) f, = 352.8kHz -91 -88 dB

1 = 991Hz (-2008) f, = 352.8kHz -2 dB oc

f = 991Hz (~600B) f, = 352.8kHz —46 —~40 dB i
PCMB7P-K/69AP-K, PCME7U-K/69AU-K

f = 991Hz (0dB) fs = 352.8KkHz 95 -92 dB vl

f = 891Hz (~20dB) f, = 352.8kHz 74 dB wl

t = 991Hz (~60dB) f, = 352.8kHz -48 -40 dB >
CHANNEL SEPARATION (f = 1kHz) 106 a8 2
ACCURACY o)
Level Linearity at -90dB Signal Leve! ES dB O
Gain Emor 13 +10 %
Gain Mismatch, Channel-to-Channel Eal i5 % (5
Gain Drift 0°C to +70°C 95 pPmC (@)
Warm-up Time 1 Minute |
IDLE CHANNEL SNR® 20Hz to 40kHz at BPZ® 110 a8 <
ANALOG OUTPUT E
Output Range (£3%) 1.2 mA "
Cutput Impedance (£30%) 1.8 kQ o
Veou 3.35 a.50 3.65 v
Glitch Energy No Glitch Around Zero |".‘
POWER SUPPLY REQUIREMENTS, System Clock = 16.9344MHz -1
+V,, +V, Supply Voltage Range V= Y, +4.75 +5.00 +5.25 v <L
+,, +1, Combined Supply Current +V,, +V, = 45V 15 20 mA =
Power Dissipation +V,, +V, = +5V 75 105 mw 6
TEMPERATURE RANGE —
Operating ~25 +85 °C Q
Storage -55 +100 °C

NOTES: (1) Binary Two's Compiement coding. (2) Ratio of (Distortian,,; + Noisey,)/Signal,, .- (3) D/A converter output frequency/signal level (both left and right
channels are “on”). (4} D/A converter sample frequency (8 x 44.1kHz; 8x oversampling per channel). (5) Ratio of Noise,, /Signal, ;. Measured using a 40kHz 3rd
order GIC (Generalized Immittance Converter) filter and an A-weighted filter. (6) Bipolar Zero.

The information provided herein is believed to be reliable; however, BURR-BROWN no resp ility for ies or omissi BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shail be entiraly at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.
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PIN ASSIGNMENTS ABSOLUTE MAXIMUM RATINGS
PCMGE7P | PCME7U | DESCRIPTION MNEMONIC +V,, +V, ta ACOM, DCOM oV to +6.5V
PCMG9AP | PCMG9AU ACOM to DCOM 0.5V
1 1 +5V Analog Supply Voltage v, g:,gwn: I;lputs to DCOM (ur ..... crereenne ~0 .3\<~to( l;:\ll,, + 0.3V
2 2 Left Voitage Common WVeon Lead T ing, 10s) 500m! +260°C
3 No Connection NC Max Junction T N bt 165
3 4 Left Current Output (0 10 1.2mA) | Ly, ¥
4 5 Servo Decoupling Capacitor SRVCAP NOTE: Stresses above those listed under “Absolute Maximum Ratings”
5 e f Decoupling G REFCAP may cause permanent damage to the device. Exposure to absolute
8 7 Right Current Output (0 to 1.2mA) | Rl maximum conditions for extended periods may affect device reliabiltty.
8 No Connection NC
7 ] Right Voitage Common RVo,
8 10 Analog Common ACOM
9 " Digital Common DCOM
12 Mode Controi 2 MC2
10 13 Right Data Input RDATA ELECTROSTAT|C
1 14 Bit Ciock BTCK
" o e ook ok DISCHARGE SENSITIVITY
13 16 Word C'O?( :VDDCK Electrostatic discharge can cause damage ranging from per-
“ :; :(:: %'i":z’; Mc':m formance degradation tocomplete device failure, Burr-Brown
15 19 Mode Control 1 MC1 Corporation recommends thatall integrated circuits be handled
18 20 +5V Digital Supply Voltage +Vp and stored using appropriate ESD protection methods.
PACKAGE INFORMATION"
PACKAGE DRAWING
MODEL PACKAGE NUMBER
PCM67P/69AP 16-Pin Plastic DIP 180
PCM67U/63AU 20-Pin SOIC 248
NOTE: (1) For and table, please see end of data

sheet, or Appendix D of Bum-Brown IC Data Book.
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PIN CONFIGURATION — PCM67P/69AP (16-Pin DIP)

Or, Call Customer Service af 1-800-548-6132 (USA Only)
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PIN CONFIGURATION — PCM67U/69AU (20-Pin SOIC)
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DIGITAL-TO-ANALOG CONVERTERS n PCM67/69A
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TYPICAL PERFORMANCE CURVES
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All specifications at +25°C and V; = +5.0V unless otherwise noted.
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DISCUSSION OF
SPECIFICATIONS

The PCM67 and PCM69A are specified to provide critical
performance criteria for a variety of applications. The accu-
racy of a D/A converter is described by the transfer function
shown in Figure 1.

Digital In
011...11 --______________.____:ES_R
Gain Error
-~
000...00 —
111,11 == mme e ou‘og
BPZ

/ Nepz-1is8
100..00 L~~~ — ===~~~

-FSR

(Voom=35V)

FIGURE 1. Transfer Performance.

DIGITAL INPUT CODE

The PCM67/69A accepts Binary Two’s Complement (BTC)
digital input code (MSB FIRST).The relationship of digital
input to analog output is shown in Table 1.

Vour = 1.2mMA « Ry

12mA
lour © -

Veon O—————] +
@35v)

FIGURE 2. I/V Amplifier Circuit.

S/N RATIO

S/N ratiois defined as the ratio of full scale output and no inpurH

noise level at BPZ point. The PCM67/69A is specified at
110dB typical with “IHF-A” filter.

LEVEL LINEARITY ERROR

Level linearity error is defined as the deviation of actual
analog output level from digital input level. PCM67/69A is
specified at 1dB typical at -90dB output level. The 0.5LSB
quantization error at -90dB of 16-bit conversion is equal to
+1,94dB, -2.5dB.

TOTAL HARMONIC DISTORTION
THD is a key parameter in audio applications, THD is a

ANALOG OUTPUT | ANALOG OUTPUT
DIGITAL INPUT (VOLTAGE) (CURRENT)
7FFFFF (HEX) +FSR ~1.2mA
00003F (HEX) BPZ —0.6mA
FFFFFF (HEX) BPZ - 1LSB -0.59995mA
80003F (HEX) -FSR OmA

TABLE . Digital Code and Analog Out.

GAIN ERROR AND GAIN MISMATCH,
CHANNEL-TO-CHANNEL

Gain error is defined as deviation of the output current span
from the ideal span of 1.2mA (FSR) on each channel. Gain
error of PCM67/69A is typically 3% of FSR.

Gain mismatch, channel-to-channel is defined as the differ-
ence in gain error between the left channel and right channel.

THE RELATIONSHIP OF V,,, AND I'V OUT

The output current range of PCM67 and PCM69A is OmA to
1.2mA as shown in Table 1.

In the typical application, the non-inverting input of the
external 1/V op amp is connected to the Vg, pin of PCM67
and PCM69A. Accordingly, the output voltage level at FSR
after I/V conversion is Vg voltage (+3.5V) as shown in
Figure 2.

BURR - BROWN?2
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e of the magnitude and distribution of the linearity
error, differential linearity error, and noise, as well as quanti-
zation error. To be useful, THD should be specified for both
highlevel and low levelinput signals. This error is unadjustable
and is the most meaningful indicator of D/A converter accu-
racy for audio applications.

THD is defined as the ratio of the square root of the sum of the
squares of the values of the harmonics to the value of the
fundamental input frequency and is expressed in percent or
dB. The rms value of the PCM67/69A error referred to the
input can be shown to be

n 2
€ oms = -IIT;[EL(i)-r Ey1)] M

where n is the number of samples in one cycle of any given
sine wave, E, (i) is the linearity error of the PCM67 or
PCM69A at each sampling point. THD can then be expressed

as
15 . LT
. -‘/?E‘[ELU)-&EQ(:)]
THD = E = E,m, x 100%
where E__ is the rms signal-voltage level.
3.267
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This expression indicates that, in general, there is a correlation
between the THD and the square root of the sum of the squares
of the linearity errors at each digital word of interest. How-
ever, this expression does not mean that the worst-case linear-
ity error of the D/A is directly correlated to THD.

For PCM67 and PCM69A the test period is set at an 8X
oversampling rate (352.8kHz = 44.1kHz - 8), which is the
typical sample rate for CD player applications.

The test signal frequency is 991Hz and the amplitude of the
signal level is F/S (0dB), and —60dB down from F/S.

All THD tests are performed without a deglitcher circuit and
without a 20kHz low pass filter.

SYSTEM CLOCK REQUIREMENTS

The PCM67 and PCM69A need a system clock for the one-bit
noise shaping DAC operation.

The PCM67 is capable of only a 384Fs corollary system clock
frequency such as 192Fs, 96Fs (24 times word rate or integer
multiple of 24).

The PCM69A is capable of any system clock up from 48Fs to
384Fs such as 384Fs, 256Fs, 100Fs with condition for timing
as described in “Timing of PCM69A™ in Figure 5.

The user can choose either model for their application.
Table II shows the different SYSCLK options.

OTHER CAPABLE
MODEL BASIC SYSCLK SYSCLK
PCM8&7 384Fs 192Fs, 96Fs
PCM69A Any Clock (with timing condition)
Examples: 384Fs, 300Fs, 256Fs, 200Fs, 90Fs

TABLE II. System Clock Requirements.

LOGIC TIMING

The serial data bit transfers are triggered on positive bit clock
(BCK) edges. The serial-to-parallel data transfer to the DAC
occurs on the falling edge of Word Clock (WDCK). The
change in the output of the DAC coincides with the falling
edge of WDCK.

Refer to Figure 3 for graphical relationships of these signals.
The setup and hold timing relationships for these signals are
shown in Figure 4.

FIGURE 3. Timing Diagram.
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The PCM67/69A accepts TTL compatible logic input levels.
The data format of the PCM67/69A is BTC with the most
significant bit (MSB) being first in the serial input bit stream.

. SYS Clock High Pulse Width : 15ns, min

8YS Clock Low Pulse Width : 15ns, min

. Data Valid Time : 20ns, min

Data Setup Time : 10ns, min

touo: Data Hold Time : Sns, min

8it Clock High Pulse Width : 15ns, min

to: Bit Clock Low Pulse Width : 15ns, min

tew: WD Clock Fall Time From Bit Clock Rise : 10ns, min
Bit Clock Rise Time From WD Clock Fall : 15ns, min
WD Clock High Puise Width : 1 SYS Clock Cycle, min
WD Clock Low Puise Wiith : 1 SYS Clock Cycle, min

g3iger

£5F

FIGURE 4. Timing Specification.

TIMING OF PCM69A

PCM69A timing is similar to PCM67 except that PCM69A is
capable of operating from any system clock up to 384Fs. For
synchronized operation, PCM69A system clock and WDCK
timing must be as shown in Figure 5.

'
WDCK t'

1
e

t———

“h

SYSCLK t

t,: WDCK Fall Delay From Rise of SYSCLK : min 10ns
120 SYSCLK Rise Delay From Fall of WDCK : min 20ns

FIGURE 5. Timing of PCM69A for SYSCLK and WDCK.
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INSTALLATION

POWER SUPPLIES

Refer to “Pin Configuration” diagram for proper connection
of the PCM67/69A. The PCM67/69A requires only a +5V
supply. Both analog and digital supplies should be tied to-
getherat asingle point, as noreal advantage is gained by using
separate supplies. It is more important that both these supplies
be as “clean” as possible to reduce coupling of supply noise to
the output.

FILTER CAPACITOR REQUIREMENTS

Asshown in the “Pin Configuration” diagram, various sizes of
decoupling capacitors can be used with no special tolerances
required. All capacitors should be as close to the appropriate
pins of the PCM67/69A as possible to reduce noise pickup
from surrounding circuitry.

A power supply decoupling capacitor should be used near the
analog supply pin to maximize power supply rejection, as
shown in Figure 6, regardless of how good the supplies are.
Both commons should be connected to an analog ground
plane as close to the PCM67/69A as possible.

The value of these capacitors is influenced by actual board
layout design and noise from power supplies and other digital
input lines.

The best suitable value for the capacitors should be deter-
mined by the user’s actual application board.

+Veo
Re
s = | los YW
lour O— -
—O Vour
Veom O +
Y]

In case of shift to 3V swing, OV center

~Jour _ _6V __
Rur= T2mA = Tema - 9

-FSR#{Vg) = -3V after offset addition, shift voltage
Veur iS given by

Veur=Voom +3V=35+3=65V
Offset Current I is given by

_ Vsur _ 6.5V
los = R - Sk =1.3mA

Offset Resistor Rog is given by

Vec -V 5-3.5V
=Yec~Veom _ 8-SV _q.
Ros - e =115

SHIFT OF I’'V OUT VOLTAGE

If the user requires a bipolar voltage output centered around
OV or one-half of V_, the output can be shifted by adding an
offset current on the inverting point of the I/V op amp as
shown in Figure 6.

+Voe
(+5V) R,
820Q
P
R, 5kQ
A
10pF ~ 100uF ’}‘ c\ 3300 \N\I
lour © -
Veom © +
.ty
10pF ~ 100pF Icz
Note: R, and C, are nolse de-coupling circuits from noise
on +V¢c power supply line.

FIGURE 7. Useful Application Circuit for Shift of I/V Out
Voltage.

INTERFACE CONTROL FUNCTION

Both the PCM67 and PCM69A (SOIC package type) are
capable of 16-bit L/R serial input and 20-bit L/R parallel input
as shown in Table 3.

FIGURE 6. Shift of I/V Out Voltage.
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MC1 MC2 | MC3 | DATA-R| INPUT FORMAT
0 0 1 [ 16-Bit LR Seria» | RILJN WDCK
0 0 1 1 16-Bit UR Serialv  [RJLIR WDCK
0 1 1 0 18-Bit LR Serial  LRRIL/R WDCK
(4] 1 1 1 18-Bit LR Seriai» TRLIR WDCK
1 0 1 X 20-8it L/R Parallel
1 0 0 X 20-Bit UR Parallel  [WDCK Invert]
1 1 1 X 18-Bit LR Paralle!
1 1 0 X 18-Bit L/R Parallel [WDCK Invert]

NOTE: (1) Data input to Data-Lch (Pin 17) for LR serial format.

TABLE III. Interface Control Function of SOIC.

PCM67P and PCM69AP (DIP package) have only 18-bit
L/R serial input function as shown in Table 4.

MC1 DATA-R | INPUT FORMAT
[ [ 18-Bit LR Serial LRILA wDCK
0 1 18-Bit LR Serial TRICIR WDCK
1 X 18-Bit UR Parallel

TABLE IV. Interface Control Function of DIP.

3.269
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DIGITAL FILTER INTERFACE

16-Bit LR Serial — 1 18-Blt L/R Parallel
'y _PomeruisoAy N L
[11] banp 1| peno
J I ———{e| ez
Lxp2s51 = 3 | Data Recn OOR E Data Rech
Bcko| | 14| Bex BCKo [ 14]BCK
Xa or X1 i [15 | svscwx xm 15 | SYSCLK
N e | wock WODCK0 [16 | wock
DataL<h| | f Data L-¢h ooL 17 | DataL-ch
[18 | mca (18 | MC3
4FS, 16-Bit Mode i E ot (19| wer
= E Voo i +Voo
o]
18-BitMode Vg
FIGURE 8. Using Sony CXD2551. FIGURE 10. Using NPC SM5840.
16-Blt LR Serial — 2 20-Bit /R Parallel
SM5807 PCMETU/69AU DF1700 PCMSTU/9AU
(11| panp [11 | oeno
13| vataren DOR = 13 | Data Rch
BCKo = [14] BoK BCKO 4 | sck
XTi [15 | svscix XTi 15 | svscux
A% [16 | wook WDCKo [6 | wock
Dour [17] pataven poL 17 | Data Lch
E MC3 T MC3
_I__E MCt E MC1
= ;0- +Vpp E +Vpp
SOMD=H  +Vpo 20-Bit Mode +\$)D,,
FIGURE 9. Using NPC SM5807. FIGURE 11. Using Burr-Brown DF1700.
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THEORY OF OPERATION

Digital converters in audio systems have traditionally utilized
a laser-trimmed, current-source DAC architecture. Unfortu-
nately, this type of technology suffers from the problems
inherent in switching widely varying current levels. Design
improvements have helped, but DACs of this type still exhibit
low-level nonlinearity due to errors at the major carry.

Recently, DACs employing a different architecture have been
introduced. Most of these DACs utilize a one-bit DAC with
“noise shaping” techniques and very high oversampling rate
to achieve the digital-to-analog conversion. Basically, the
trade-off is from very accurate but slow current sources to one
rapidly sampled current source whose average output in the
audio frequency range is equal to the current desired. Noise
shaping insures that the “undesirable” frequencies associated
with one-bit DAC output lie outside the audio range.

These “Bitstream”, “MASH”, or one-bit DACs overcome the
low level linearity problems of conventional DACs, since
there can be no major carry error, However, this architecture
exhibits problems of its own: signal-to-noise performance is
usually worse than a similar conventional DAC, “dither
noise” may be needed in order to get rid of unwanted tones, a
separate high-speed clock may be required, the part may show
sensitivity to clock jitter, and a high-order low-pass filter is
necessary to filter the DAC output.

The PCM67/69A is a cross between these two architectures.
It includes both a conventional laser-trimmed, current-source
DAC and an advanced one-bit DAC. The conventional DAC
isa 10-bit DAC where each bit weight has been trimmedto 18-
bit linearity. The one-bit DAC has a weight equal to bit 10 and
employs a first-order noise shaper to generate the “bitstream.”

This approach does not eliminate all the problems associated
with the two architectures but rather minimizes them as much
as possible. The conventional DAC still exhibits some major
carry error which would normally reduce low-level linearity.
However, to reduce this error even further, the PCM67/69A
utilizes an offset technique whereby bit n is subtracted from
the digital input code whenever it is positive (see Figure 1 and
Table I). When this is done, an offset current equal to the

BURR-BROWN?
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weight of bit n is switched in to compensate. This offset comes
from a one-bit DAC which has also been trimmed to 18-bit
linearity. While this technique doesn’t remove the major carry
error completely, the “glitch” is only present in higher ampli-
tude signals where it is much less audible.

As for the one-bit DAC, a number of problems with this
architecture are also reduced: the DAC is designed to operate
from the system clock, thus eliminating the need for a separate
clock; the lower quantizing level of the DAC make it less
sensitive to clock jitter; and output filtering requirements are
reduced because “out-of-band noise™ has smaller amplitude,
is “farther-out,” and increases much more slowly due to the
first-order noise shaper. Still, it is important to keep in mind

that the one-bit DAC imposes some design considerations.
Figure 2 shows the THD + N of the converter versus “Syste

Clock” frequency. This is the clock used to operate the one-bit
DAC andnoise shaper. Generally, the higherthe oversampling
the better. However, near full-scale, the converteris limited by
other constraints and higher clock frequencies (past 96f,) tend
to slightly worsen its performance. At low levels, perfor-
mance improves almost linearly with increasing clock fre-
quency. The one-bit DAC was designed to operate between
96f, (4X oversampling) and 384f, (16X oversampling). But, it
can be operated at 48f (2X oversampling) with slightly
reduced performance.

TOTAL HARMONIC DISTORTION + NOISE

A key specification for audio DACs is usually total harmonic
distortion plus noise (THD + N). For the PCM67/69A, THD
+ N is tested in production as shown in Figure 12. Digital data
words are read into the PCM67/69A at eight times the stan-
dard compact disk audio sampling frequency of 44.1kHz
(352.8kHz) so that a sine wave output of 991Hz is realized.
The output of the DAC goes to an I-to-V converter, thento a
programmable gain amplifier to provide gain at lower signal
output test levels, and then through a 40kHz low pass filter
before being fed into an analog type distortion analyzer.

3.271
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For Immediate Assistance, Contact Your Local Salesperson

Use 400Hz High-Pass P " Low-Pass
Filter and 30kHz Distortion | Gain Amp - Filter -
Low-Pass Filter Analyzer 0dB1o60dB | 40kHz 3rd Order |
Meter Settings GIC Type
{Shiba Soku Madel
725 or Equivalent)
Ho-V
Binary - Digital Code Parallel-to-Serial ouT - Converter
Counter (EPROM) Conversion (PCMB7/69A) OPAB27
f Clock
Bit Clock|
I . Word Clock

Sampiling Rate = 44.1kHz x 8 (352.8kHz)
Timing Output Frequency = S91Hz
Logic

FIGURE 12. PCM67/69A THD + N Production Test.
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FIGURE 13. Single +5V Power Supply, with LPF, I/V Amp Application Circuit for Portable Digital Audio.
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Or, Call Customer Service at 1-800-546-6132 (USA Only)
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FIGURE 14. HiFi D/A Converter Unit Application with Digital Audio Interface Format.
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