ETC5051. ETC5056

MONOLITHIC PARALLEL INTERFACE CODEC/FILTER
CMOs

MONOLITHIC PARALLEL
The ETCB051/ETCS056 family consists of A-law and u-law monolithic PCM DATA INTERFACE
CODEC /filters utilizing the A/D and DfA conversion architecture shown in

Figure 1, parallel i/O data bus interface. The devices are fabricated using double- CODEC/FILTER
poly CMOS process.

The encode portion for each device consists of an input gain adjust amgplifier,

an active RC pre-fitter which gliminates very high frequency noise prior 1o ente-
ring a switched-capacitor band-pass filter that rejects signals below 200 Hz and CASE J20A
above 3400 Hz. Also-included are auto-zera circuitry and a companding coder
which samples the filtered signal and encodes it in the companded A-law or
p-law PCM format.
The decode portion of each device consists of an expanding decoder, which
reconstructs the analog signal from the companded A-law or u-law code, a
low-pass filter which corrects for the sin x/x response of the decoder output
and rejects signals above 3400 Hz and is followed by a single-ended power ampli-
fier capable of driving low impedance loads.
The ETC5051, ETC5056 are especially designed to be used with a line interface
controler providing local time and space switching in a distributed control swit-
ching system.
* Complete CODEC and filtering system including :

— Transmit high pass and low pass filtering.

20 Lead Cavity

— Receive low pass filter with sin x/x correction. CERSIE%&?L{AGE

— Receive power amplifier.
— Active RC noise filters.

— u-255 law COder and DECoder - ETCH5051

— A-law COder and DECoder - ETC5056
— Internal precision vqltage reference. PIN ASSIGNMENT
— Internal auto-zero circuitry.

Meets or exceeds all D3/D4 and CCITT specifications.
+5 V' operation.

Low operating power - typically 60 mW.

Power-down standby mode - typically 3 mw,

High speed TRI-STATE™ data bus.

2 loopback test modes.

* Second source of TP3051, TP3056.
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FIGURE 1 - BLOCK DIAGRAM

Parallel CODEC/FILTER
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PIN DESCRIPTION

NAME TF;:’P“E N° DESCRIPTION
ves S 1 Negative power supplywpin Veg= -5V +5% - )
GNDA GND 2 Analog ground. All analog signals are referenced to this pin.
VFRO (s} 3 Analog output of the receive power amgplifier. This output can drive a 600 {2 load to + 2.5 V.
Veea S 4 Positive power supply vohtage pin for the analog circuitry. Veeca =5V 5% . Must be
connected to Verp
cs | 5 Device chip select input which controls READ, WRITE and TRI-STATE® operations on |
the data bus. CS does not control the state of any analog functions.
DB7 /0 [ Bit 7 /0 on the data bus. The PCM LS8. o
DB6 10 7 Bit 6 1/0 on the data bus. B
DBS MO ) Bit 5 1/0 on the data bus. i
DB4 170 9 Bit 4 /0 on the data bus. T
GNDD GND 10 Digital ground. All digital signals are referenced to this pin. ) o i
De3 /0 " Bit 31/0 on the data bus. -
DB2 110 12 Bit 2 1/0 on the data bus. .
DB1 170 13 Bit 11/0 on the data bus. B
D8O 1/0 15 Bit 0 1/0 on the data bus. This is the PCM sign bit. o
CLK | 15 The clock input for the switched-capacitor filter and CODEC. Clock frequency must t;; )
?68 kHz, 772 kHz, 1.024 MHz or 1.28 MHz and must be synchronous with the system clack
input.
PCM/CNTL | 16 This control input determines whether the informatian on the data bus is PCM daitar o; a
control data.
Veeo S 17 Positive power supply pin for the bus drivers. Veep=5V = 5%. Mus»tit;eicioﬁrrweictieid to ’
Vcea o
GSy o] 18 Analog output of the transmit input amplifier. Used to externally set gain.
VFxl ™ | 19 Inverting input of the transmit input amplifier, R
VF),[IJr i 20 Non-inverting input of the transmit input amplifier. T i R

*1: Input, D : Qutput, 5 :

Power supply.
TRI-STATE®is a trademark of National Semiconductor Corp.
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FUNCTIONAL DESCRIPTION

CLOCK AND DATA BUS CONTROL

The CLK input signal provides timing for the encode and
decode logic and the switched-capacitor filters. 1t must be
one of the frequencies listed in Table 1 and must be cor-
rectly selected by control bits CO and c1.

CLK also functions as a READ/WRITE control signal, with
the device reading the data bus on a positive half-clock cycle
and writing the bus on a negative half-clock cycle, as shown
in Figure 4.

POWER-UP

When power is first applied, power-on reset circuitry initia-
lizes the CODEC/filter and sets it in the power-down mode.
All non-essential circuits are deactivated and the data bus
outputs, DB0O-DB7, and receive power amplifier output,
VFRO, are in high impedance states.

The ETCH051, ETC5056 s powered-up via a command to
the control register {(see Control Register Functions). This
sets the device in the standby made with all circuitry acti-
vated, but encoding and decoding do not begin untill PCM
READ and PCM WRITE chip selects occur.

TABLE {. Control Bit Functians

I Control Bits . Function |
. . e St - - - —_— e =
Cco. 1 Select Clock Frequency ‘
ca (o8] Frequency ‘
! 0 X 1.024 MHz |
1 Q 0 768 MHz ar 0.772 MHz
1 1 1.28 MHz
c2 C3 Digital and Analog Laopback
|
c2 C3 Mode
1 X digital lnopback |
0 1 analog loophack
0 0 narmal J
c4 Power Down‘Power-Up |
1 - power-down !
0 - power-up _:
015 ETCH051 - Don't care \
ETCH056
0 A-law without even b
inversion
1 A law with even bit inversion I
e, C7 ' Don't care

- - [ P

DATA BUS ASSIGNEMENT

The parallel 'O data bus is defined as follows :

Data Type DBO 087 |
| !
T pcm Sign Bit ] LSB
[ Control Data co | c7

READING THE BUS

I1f CLK is low when CS goes low, bus data is gated in during
the next positive half-clock cycle of CLK and latched or the
negative-going transition. If PCM/CNTL is low during the
falling CS transition, then the bus data is defined as PCM
voice data, which is latched into the receive registdr. This
also functions as an internal receive frame synchronization
pulse ta start a decode cycle and must occur once per re-
ceive frame ;i.e., at an 8 kHz rate.

1t PCM/CNTL is high during the falling CS transition, the
bus data is latched into the control register. This does not
effect frame synchronization.

WRITING THE BUS

If CLK is high when CS goes low, at the next falling transi-
tion of CLK, the bus drivers are enabled and either the PCM
transmit data or the contents of the control register are gated
onto the bus, depending on the level of PCM/CNTL at the
CS transition. ¥ PCM/CNTL is low during the CS falling tran-
sition, the transmit register data is written to the bus. An
internal transmit frame synchronization pulse is also gene-
rated to start an encode cycle, and this must occur once
per transmit frame ; i.e., at an 8 kHz rate.

If PCM/CNTL is high during the CS falling transition, the
control register data is written to the bus. This does not
affect frame synchronizaton.

The receive register contents may also be written back to
the bus, as described in the Digital Loapback section.

Except during a WRITE cycle, the bus dnvers are in TRI-
STATE mode.

CONTROL REGISTER FUNCTIONS

Writing to the control register ailows the user to set the
varicus operating states of the ETC5051 and ETC5056. The
control register can also be read back via the data bus 1o
verify the current operating mode of the device.

1. CLK Select.
Since one of three distinct clock frequencies may be used,
the actual frequency must be knewn by the device for
proper operation of the switched-capacitor filters. This
is achieved by writting control register bits CO and C1,
normally in the same WRITE cycle that powers-up the
device. and before any PCM data transfers take place.
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2. Digital Loapback

In order to establish that a valid path has been selected
through a netwark, it is sometimes desirable to be able
to send data through the netwark to its destination, then
loop it back through the network return path to the ori-
ginating source where the data can be verified. This loop-
back function can be performed in the ETC5051, ETC5056
by setting control register bit C2 to 1. With C2 set, the
PCM data in the receive register will be written back onto
the data bus during the next PCM WRITE cycle. In the
digital loopback mode, the receive section is set to an idle
channel condition in order to maintain a low impedance
termination at VFRO.

3. Analog Loopback

In the analog loopback mode, the transmit filter input is
switched fram the gain adjust amplifier to the receive
power amplifier output, forming a unity-gain loop from
the receive register back to the transmit register. This
mode is enterred by setting control register bits C2 to 0
and C3 to 1. The receive power amplifier continues to
drive the load in this mode.

4. Power-Down/Pawer-Up
The ETC5051, ETC5056 may be put in the power-down
mode by setting control register bit C4 to 1. Conversely,
setting bit C4 to 0 power-up the device.

TRANSMIT FILTER AND ENCODE SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two extarnal resistors,
see figure 2, The low noise and wide bandwidth allow gains
in excaess of 20dB across the audio passband to be realized.
The op amp drives a unity-gain filter cansisting of a 2nd order

RC active pre-filter, followed by an 8th order switched-
capacitor bandpass filter clocked at 256 kHz.

The output of this filter directly drives the encoder sample-
and-hold circuit. The A/D is of companding type according
to u-255 law (ETCB061) or A-law (ETC5066) cading sche-
mes. A precision voltage reference is trimmed in manufac-
turing to provide an input averload (tygax) of nominally 2.5 V
peak Isee table of Transmission Characteristics!. Any off-
set valtage due to the filters or comparator is cancelled by
sign bit integration in the auto-zero circuit.

The total encoding delay referenced to a PCM WRITE chip
select will be approximately 165 us (due to the transmit fil-
ter} plus 126 us (due to encoding delayl, which totals 290 us.

DECODER AND RECEIVE FILTER SECTION

The receive section consists of an expanding DAC which
drives a Bth order switched-capacitor low pass filter cloc-
ked at 256 kHz. The decoder is of A-law (ETCS086} or u-
law |[ETCB051) coding law and the 5th order low pass filter
corrects for the sin x/x attenuation due to the 8 kHz sam-
pie/hold. The filter is then followed by a 2nd order RC active
post-filter. The power amplifier output stage is capable of
driving a 600 Q load to a level of 7.2 dBm. The receive sec-
tion has unity-gain. Following a PCM READ chip select, the
decaoding cycle begins, and 10 us |ater the decoder DAC out-
put is updated. The total decoder delay is - 10 us (decoder
update} plus 110 us (filter delay) plus 62.5 us [1/2 frame),
which gives approximately 1B0 us.

10 transmit
fiter

Non-inverting transmit gain = 20 logqg ( _____ __)

Out gain to provide peak overfoad level -. tmax 81 GSx
(see Transmission Characteristics!

FIGURE 2 - Transmit Gain Adjustment
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MAXIMUM RATINGS

Rating Symbol Value Unit
GNDD to GNDA *03 v
Veea o Voop to GNDD or GNDA Vee +7.0 v
Voltage at any analag input or output Vin, YouTl Vec+D3to v
Vgp—0.23
Vvoltage at any digital input or output Veg+ 0.3 to Y
GNDD -0.3
Operating temperature range Toper - 2510 + 126 °C
Starage temperature range Tsig -60to +180 e
Lead temperature isoldering, 10 seconds} 300 °C

ELECTRICAL CHARACTERISTICS

Vee S50V 5%, VBB = - 5V +5%. GNDA =0V, Ta =0°C to 70°C {Unless otherwise noted) ; typical characteristics speci-

fied at Ve =5.0 V, vgg= 50 V. Ta - 259C, all signals are refarenced to GNDA.

DIGITAL INTERFACE

Characteristic Symbol Min Typ Max Unit
input low voltage Vi - - 0.6 v
Input high voltage ViH 22 - — v
Qutput low voltage VoL \"S
IL=25mA, DBO - DB7 - = 0.4
Output high voltage Vou A
IH= - 2.5mA, DBD - DBY 2.4 - -
Input low current IGNDA < VN T VL. all digital inputs) It —-10 - 10 pA
Input high current  (Vip" ViN' Vel i -10 - 10 pA
Output current m high impedance state {TRI-STATE) oz pA
{GNDD < Vo< Vec!. DBO - DB7 -10 - 10
ANALDG INTERFACE WITH TRANSMIT INPUT AMPUIFIER {(ALL DEVICES]
input leakage current  (—2.5V’ V42 BV) VFExl™ or VFxl™ XA —-200 - 200 nA
Input resistance  {—2 VY VY +2.56V) VFxl™ or VPxd™ RiXA 10 - - ML
Output resistance (closed loop, unity gan) RpoXA - 3 3 9]
Load resistance GSyx R XA 10 - — k()
Load capacitance GSx CiXA - — 50 pF
Dutput dynamic range R “10kI)) GSx VXA - 2B - - v
voitage gain  iVFxl® 1o GSx! AyXA 5000 - - VIV
Urity gain bandwidtr FyXA 1 2 - MHz
Offset voltage VosXA 20 - 20 mVv
Common made voltage VXA —~2.5 - 25 vV
Common-made rejection ratia CMRRXA 60 - - dB
Power supply reject:on ratio PSRRXA 80 - - dB
ANALOG INTERFACE WITH RECEIVE FILTER {ALL DEVICES)
Quiput resistance VERO RoRF - 1 3 Q
Locad resistance  {VFgO= X 2.5V R RF 600 — - €
Load capaciiance C(RF — — 500 pF
Qutput DC atfset voltage VOSRO -200 - 200 mv
POWER DISSIPATION (ALL DEVICES)
Power down current lccQ — 05 1.5 mA
Power-down current g - 0.05% 03 mA
Active current o1 6.0 3.0 mA
Active current lga 1 - 6.0 2.0 mA
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TIMING SPECIFICATIONS

Characteristic Symbol |{r Velue T Unit
Min Typ Max

Period of clock tpc 760 — — ns
Width of clock high LweH 330 — — ns
Width of clock low twcel 330 — — ns
Rise time of clock tac — — 50 ns
Fall time of clock tee — — 50 ns
Set-Up time of CLK high or low tscs 100 - - ns
Hold time from CS low to CLK thes 100 - — ns
Width of chip select twes | 100 - — “ns
Set-Up time of PCM/CNTL tspem 0 - - ns
Hold time of PCM/CNTL typew | 100 - - ns
Set-Up tims of data in tgp 50 — — ns
Hold time of data in thpy 20 - - ns
Delay time of data in {C|_ =0 pF to 200 pF} tppo 90 — 260 ns
Del ay time to data output disabled {C| =0 pF to 200 pF} 'opz | 2 - 80 ns

Switching Time Waveforms

PCM/CNT

DBo-087

FIGURE 4. Timing Wavefaorms for ETC 5051 ETC 5056
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TRANSMISSION CHARACTERISTICS
{All devices) Ta =0°C to 70°C, Voo = 5V = 6%, Vgg = -5V 5%, GNDA =0V, f = 1.02 kHz, Viy = 0dBmO
transmit input amplifier connected for unity-gain non-inverting. {Unless otherwise specified)

AMPLITUDE RESPONSE

Characteristic Symbol Min Tvp Max Wnit
Absolute levels - Nominal O dBmoO level 1s 4 dBm (6002}
0 dBm{ ETCS051. ETCH056 — 1.2276 - Vrms
Max overload level tMAX VpK
314 d8m0 ETCS051 - 2492 -
3.17 dBmQ ETC5056 - 2.501 -
Transmit gain, absolute (TA = 25°C, Voo = 8V, Vgg = —5V] Gxa daB
Input at GSx = 0 dBmO at 1020 Hz -0.15 — 0.156
Transmit gain, relative 10 Gxa GxR dB
f=16Hz - - —-40
f = 60Hz - — -30
f = 60Hz - - -28
t =180Hz —-2.8 - -0.2
t = 20GHz -1.8 - -0.1
f = 300Hz-3000 Hz —-0.15 - 0.1%
f = 3300Hz -0.35 — 0.05
f = 3400Hz -0.7 - a
t = 4000Hz - - —14
{ — 4600Hz and up.measure reponse from OHz to 4000Hz - - -32
Absclute transmit gan variation with temperature GxAT dB
(Ta =0Cta+80°C) - - 01
Absaolute transmit gan vanation with supply voltage Gxav dB
(Vo = 5V = 5%, vgg = —5V X 89%) - - £0.05
Transmit gain variations with level GxprL dB
Sinusoidal test method reference level = -10aBm0
VFxl™ = —40dBm0 10 +3dBmO -0.2 -~ 0.2
VFxlt = ~50dBmO to —40dBm0 -0.4 - 04
VFxl* = —55dBm0 10 —50dBmO -1.2 - 1.2
Recerve gain, absolute (Ta = 25"C Vce = 5V, Vg = —bVI| GRA -0.156 - 015 dB
Input = digitai code sequence for CdBmDO signal at 1020Hz
Receive gan, refative 1o Gra GRR dB
f = OHz to 3000 Hz -0.18 - 0.15
f = 3300H:2 -0.35 - 0.05
f = 3400Hz =07 - Q
f = 4000H2z - - —-14
Absolute receive gain vanation with temperature GRAT dB
(Ta=00Ct0+70C) - - ro1
Absolute receive gain variation with supply voltage GrAv aB
Ve = 5V 5%, Vep = =5V 5%) - - t 005
Receve gain variations with level GRRL dB
Sinusoidal test method reference input PCM code
corresponds 1o an deally encoded —10dBmO-signal
PCM level = —40dBmO to +3dBmO -0.2 - 0.2
PCM level = —50dBmO to —40dBmO -C.4 - 0.4
PCM level = —55dBmO to —506BmO -1.2 - 1.2
Receive autput drive level (R = 600{2) VRO -25 - 2.5 A
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TRANSMISSION CHARACTERISTICS
{All devices} TA = 0°C to+70°C,¥ce = 5V £ 5%, Vgg = -5V * 5%, GNDA =0V, f = 1.02 kHz, Vin = 0 dBmO,
transmit input amplifier connected for unity-gain non-inverting. {Unless otherwise specified)

ENVELOPE DELAY DISTORTION WITH FREQUENCY

Characteristic Symbuol Min Typ Max i Unit
Transmit delay, absolute (f = 1600Hz) Dxa — 290 315 ps
Transmit delay, relative to Dxa, Dxr Hs
f = 500Hz-600Hz — 195 220
f = 600Hz-800Hz - 120 145
f = 800Hz-1000 Hz — 50 75
f = 1000Hz-1600Hz - 20 40
f = 1600Hz-2600Hz — 55 75
f = 2600Hz-2800Hz - 80 105
f = 2800Hz-3000Hz - 130 154
Receive delay, absolute {(f = 1600Hz) DRa - 180 2Q0 ps
Receive delay, reiative toDRa DRRr I"H
f = 500Hz-1000Hz ~40 —25 —
f = 1000Hz-1600Hz -30 =20 -
f=1600Hz-2600Hz - 70 =13)
f=2600Hz2-2800H:2 - 100 125
f = 2800Hz-3000Hz - 145 175
NOISE
Transmit noise, P message weighted (ETC5086. VFxI* = OV) Nxp — =74 - 69 dBmOp
(Note 1]
Receiwve noise, P message weighted NRp dBmOp
{ETCH056 PCM code equals positive zero) - —-82 —79
Transmit noise, C message weighted (ETCB051. WExIY = OV) Nxc - 12 15 dBrnCo
Receive noise, C message weighted Nac dBrnCO
ETC 5054, PCM code equals alternating positive and - 8 11
negative zero
Noise, single frequency NRs d8mo
f = OkHz to 100kHz, loop around measurement,
VFxIt = 0Vrms - - —~53
Positive power supply rejection, transmit PPSRx dBp
VFxIt = OVrms. Voo = 5.0Vpe+100myrms f = OkHz-50kHz a0 — -
Negative power supply rejection, transmit NPSRx dBp
VFxIY = OVrmsVee = —=5.0Vpe+100mvrms{ = OkHz-50kHz 40 — —
Positive power supply rejection, raceive PPSRg
(PCM code equals positive zero, Voe = 5.0Vpe+100myvrms )
f = OHz-40Q00Hz 40 - — dBp
f = 4kHz-25kHz 40 - - dB
f = 25kHz-50kHz 36 - - dB
Negative power supply rejection, receive NPSRR
(PCM code equals positive zero, Vg = —5.0Vpc+100mVrms)
f = 0OHz-4000Hz 40 - — dBp
f=4kHz-25kHz 40 — - dB
f = 25kHz-50kHz 36 - — dB
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TRANSMISSION CHARACTERISTICS (Continued)
{All devices) T4 =0"C to +70°C.Vee = 5V * 5%, Vpp = —5V ¥ 5%, GNDA = OV, f = 1.02 kHz, Vin =0 dBmQ,
transmit input amplifier connected fer unity-gain non-inverting. (Unless otherwise specified)

Characteristic Symbol Min Typ Max Unit

Spurious put-of-band signais at the channel cutput 508 — - —30 dB
Laop around measurement, C dBmQ, 300Hz-3400Hz input
apphed to VF ™, measure individual image signals at VFRQ

4600Hz-760CHz - - —32
7600Hz-8400Hz - - —40
8400Hz-100,000H2 - - -30
DISTORTION
Signal to total distortion {sinusoidal test method) STDx dBp
ar
Transmit or receive half-channei STDR
Level = 3.0dBm0 33 - -
= 0dBm0 to —3CGdBmOC 36 — -
= —40dBmO XMT 29 - -
RCV 30 - -
= -55dBm0C XMT 14 — -
RCV 15 - -
Single frequency distortion, transmit SFDx - — —-46 dB
Single frequency distortion, receive S5FDR - - —46 dB
intermodutation distortion IMD - — —41 dB

Loop around measurement VFx!T = —4dBmQ 1ta —21dBmO,
two frequencies in the range 300Hz-3400Hz

CROSSTALK
Transmil to rece se crosstalk, 0dBmO transrut level CTx-R dB
f =~ 300Hz-3400Hz, DR = steady PCM code - -480 -75
Receive 10 transmit crosstalk, OdBmO receve level CTR.x dB8
f = 300Hz-3400Hz, VFxl = OV - —80 -70
{Note 2}
MNote 1 . Measured by extrapalation of the /N ratio result in the first segment of the encoder,
Note 2 CTa x 1s measured with a —40 dBmD activating signal applied at VExIT.
ENCODING FORMAT AT DATA BUS OUTPUT
‘ T ETC5061 ! ETC5066
. : u-Law I True A-Law, C5=0
, ! lincludas Even Bit inversion}
| ! MSB LSB MSB LSB
( Wiy = + Full Scale ! 1 0 0 0 0 0 0 o I 1 o 1 0 1 0 1 0
| 1 1 1 1 1 1 1 1 1 1 0 1 0 1 ¢ 1
L VIN=OV S T o 1 o 1 0o 1 0 1
| vin= - Full-Scale | 0 0 0 0 o 0 ) a |0 0 1 0 1 0 1 0
| 1
| '
' i NOT APPLICABLE \ SIGN + MAGNITUDE A-LAW, Cg=1
i i [Cg 1S DON'T CARE} } {Before Even bit inversion)
. !
Vin - + Full Scale | T 1 1111
: | 1 0 0 0 Q 0 0 4]
| ViN=0V | o o o o © 0 0 ©
| Vi Full-Scale | o 1 1 1+ 1 o1 o1 o1 |
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CASE J20A
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