NNational Semiconductor

TP3064, TP3067
“Enhanced” Serial Interface

CMOS CODEC/Filter COMBO®

General Description

The TP3064 (p-law) and TP3067 (A-law) are monolithic
PCM CODEC/Filters utilizing the A/D and D/A conversion
architecture shown in Figure 7, and a serial PCM interface.
The devices are fabricated using National's advanced dou-
ble-poly CMOS process (microCMOS).

Similar to the TP305X family, these devices feature an addi-
tional Receive Power Amplifier to provide push-pull bal-
anced output drive capability. The receive gain can be ad-
justed by means of two external resistors for an output level
of up to =6.6V across a balanced 800( load.

Also included is an Analog Loopback switch and a TSy out-
put.

See also AN-370, “Techniques for Designing with CODEC/
Filter COMBO Gircuits.”

Features

m Complete CODEC and filtering system including:
— Transmit high-pass and low-pass filtering
— Receive low-pass filter with sin x/x correction
— Active RC noise filters
— u-law or A-law compatible COder and DECoder
— Internal precision voltage reference
— Serial 1/0 interface
— Internal auto-zero circuitry
— Receive push-pull power amplifiers

B p-law—TP3064

» A-law—TP3067

m Designed for D3/D4 and CCITT applications

u 5V operation

m Low operating power—typically 70 mW

® Power-down standby mode—typically 3 mW

® Automatic power-down

m TTL or CMOS compatible digital interfaces

B Maximizes line interface card circuit density
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TP3064, TP3067

Symbol
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Pin Description

Function
The non-inverted output of the receive powsr
amplifier. ,
Analog ground. All signals are referenced to
this pin.
The inverted output of the receive power
amplifier.
Inverting input to the receive power amplifier.
Analog output of the receive filter.
Positive power supply pin. Voo = +5V £ 5%.
Reteive frame syne pulse which enables
BCLKR to shift PCM data into Dg. FSgis an
8 kHz pulse train. See Figures 2 and 3 for
timing details.
Receive data input. PCM data is shifted into
Dr following the FSg Ieading edge.
The bit clock which shifts data into Dy, after
the FSR leading edge. May vary from 64 kHz
t0 2.048 MHz. Alternatively, may be a logic
input which selects either
1.536 MHz/1.544 MHz or 2.048 MHz for
master clock in synchronous mode and
BCLKy is used for both transmit and receive
directions (see Table 1),
Receive master clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKy, but should be
synchronous with MCLKy for best
performance. When MCLKRg is connected
continuously low, MCLKy is 'selacted for all
internal timing. When MCLKRg is connected
continuously high, the device is powered
down.

Plastic Chip Carrier .
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Otder Number TP3064J or TP3067J
See NS Package J20A

Order Number TP3064WM or TP3067WM
See NS Package M20B

Order Number TP3064N or TP3067N
See NS Package N20A

Order Number TP3064V or TP3067V
See NS Package V20A

Function
Transmit master clock. Must be 1.536 MHz,
1.544 MHz or 2.048 MHz. May be
asynchronous with MCLKR. Best
performance is realized from synchronous
» - operation.
The bit clock which shifts out the PCM data
on Dy. May vary from 64 kHz to 2.048 MHz,
but must be synchronous with MCLKy.
Dx The TRI-STATE® PCM data output which is
' enabled by FSy.
FSx Transmit frame sync pulse input which
enables BCLKy to shift out the PCM data on
Dx. FSy is an 8 kHz pulse train, see Figures 2
and 3 for timing details.
Open drain output which pulses low during
the encoder time siot.
Analog Loopback control input. Must be set
to fogic ‘0’ for normal operation. When pulled
to logic ‘1’, the transmit filter input is
disconnected from the output of the transmit
preamplifier and connected to the VPO +
output of the receive power amplifier.
Analog output of the transmit input amplifiet.
Used to externally set gain.
Inverting input of the transmit input amplifier.
Non-inverting input of the transmit input
amplifier.
Negative power supply pin. Vgg = ~ 5V £5%.

Symbol
MCLKx

BCLKx

ANLB

GSx

VFyl—
VFyl+

Ves

POl VLGB EY DY OTHEE 0 Cons Lfim
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Functional Description

POWER-UP

When power is first applied, power-on reset circuitry initializ-
es the COMBOT™™ and places it into a power-down state. All
non-gssential circuits are deactivated and the Dy, VFRQ,
VPO~ and VPO outputs are put in high impedance states.
To power-up the device, a logical low level or clock must be
applied to the MCLKR/PDN pin and FSy, and/or FSR puises
must be present. Thus, 2 power-down control modes are
available. The first is to pull the MCLKR/PDN pin high; the
alternative is to hold both FSx and FSg inputs continuously
low—the device will power-down approximately 2 ms after
the last FSx or FSg puise. Power-up will occur on the first
FSx or FSR pulse. The TRI-STATE PCM data output, Dy,
will remain in the high impedance state until the second FSx
pulse.

SYNCHRONOUS OPERATION

For synchronous operation, the same master clock and bit
clock should be used for both the transmit and receive di-
rections. In this mode, a clock must be applied to MCLKy
and the MCLKR/PDN pin can be used as a power-down
control. A low level on MCLKR/PDN powers up the device
and a high level powers down the device. In either case,
MCLKy will be selected as the master clock for both the
transmit and receive circuits. A bit clock must also be ap-
plied to BCLKy and the BCLKR/CLKSEL can be used to
select the proper internal divider for a master clock of 1.536
MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz operation,
the device automatically compansates for the 193rd clock
pulse each frame.

With a fixed level on the BCLKR/CLKSEL pin, BLCKx will be
selected as the bit clock for both the transmit and receive
directions. Table | indicates the frequencies of operation
which can be selected, depending on the state of BCLKg/
CLKSEL. In this synchronous mode, the bit clock, BCLKy,
may be from 64 kHz to 2.048 MHz, but must be synchro-
nous with MCLKy.

Each FSx pulse begins the encoding cycle and the PCM
data from the previous encode cycle is shifted out of the
enabied Dy output on the positive edge of BCLKy. After 8
bit clock periods, the TRI-STATE Dy output is returned to a
high impedance state. With an FSg pulse, PCM data is
latched wia the DR input on the negative edge of BCLKy (or
BCLKR if running). FSx and FSg must be synchronous with
MCLKy/R.

TABLE . Selection of Master Clock Frequencies

Master Clock
BCLKg/CLKSEL Frequency Selected
TP3067 TP3064
Clocked 2.048 MHz 1.536 MHz or
1.544 MHz
0 1.536 MHz or 2.048 MHz
1.544 MHz
1 2.048 MHz 1.636 MHz or
1.544 MHz

ASYNCHRONOUS OPERATION

For asynchronous operation, separate transmit and receive
clocks may be applied. MCLKx and MCLKg must be 2.048
MHz for the TP3067, or 1.536 MHZ, 1.544 MHz for the
TP3064, and need not be synchronous. For best transmis-

sion performance, however, MCLKg should be synchronous
with MCLKy, which is easdy achieved by applying only static
logic levels to the MCLKR/PDN pin. This will automatically
connect MCLKy to all internal MCLKg functions (see Pin
Description). For 1.544 MMz operation, the device automati-
cally compensates for the 193rd clock pulse each frame.
FSx starts each encoding cycle and must be synchronous
with MCLKy and BCLKy. FSg starts each decoding cycle
and must be synchronous with BCLKR. BCLKR must be a
ciock, the logic levels shown in Table | are not valid in asyn-
chronous mode. BCLKx and BCLKR may operate from 64
kHz to 2.048 MHz.

SHORT FRAME SYNC OPERATION

The COMBO can utilize either a short frame sync pulse (the
same as the TP3020/21 CODECs) or a long frame sync
pulse. Upon power initialization, the device assumes a short
frame mode. In this mode, both frame sync pulses, FSx and
FSg, must be one bit clock period long, with timing relation-
ships specified in Figure 2. With FSx high during a falling
edge of BCLKy, the next rising edge of BCLKy enables the
Dx TRI-STATE output buffer, which will output the sign bit.
The following seven rising edges clock out the remaining
seven bits, and the next falling edge disables the Dx output.
With FSg high during a fafling edge of BCLKR (BCLKx in
synchronous mods), the next falling edge of BCLKR latches
in the sign bit. The following seven falling edges latch in the
seven remaining bits. All devices may utilize the short frame
sync pulse in synchronous or asynchronous operating
mode.

LONG FRAME SYNC OPERATION

To use the long (TP5116A/56 CODECSs) frame mode, both
the frame sync pulses, FSy and FSg, must be three or more
bit clock periods long, with timing relationships specified in
Figure 3. Based on the transmit frame sync, FSy, the COM-
BO will sense whether short or long frame sync pulses are
being used. For 64 kHz operation, the frame sync pulse
must be kept low for a minimum of 160 ns. The Dy TRI-
STATE output buffer is enabled with the rising edge of FSy
or the rising edge of BCLKy, whichever comes later, and the
first bit clocked out is the sign bit. The following seven
BCLKy rising edges clock out the remaining seven bits. The
Dy output is disabled by the falllng BCLKy edge following
the eighth rising edge, or by FSx going low, whichever
comes later. A rising edge on the receive frame sync pulse,
FSg, will cause the PCM data at Dy to be latched in on the
next eight falling edges of BCLKR(BCLKy in synchronous
mode). All devices may utilize the long frame sync pulse in
synchronous or asynchronous mode.

TRANSMIT SECTION

The transmit section input is an operational amplifier with
provision for gain adjustment using two external resistors,
see Figure 4. The low noise and wide bandwidth allow gains
in excess of 20 dB across the audio passband to be real-
ized. The op amp drives a unity-gain filter consisting of RC
active pre-filter, followed by an eighth order switched-ca-
pacitor 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 p-law
(TP3064) or A-law (TP3067) coding conventions. A preci-
sion voltage reference is trimmed in manufacturing to pro-
vide an input overload {tmax) of nominally 2.5V peak (see
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TP3064, TP3067

Functional Description (continued)

table of Transmission Characteristics). The FSx frame sync
pulse controls the sampling of the filter output, and then the
successive-approximation encoding cycle begins. The 8-bit
code is then loaded into a buffer and shifted out through Dx
at the next FSy pulse. The total encoding delay will be ap-
proximately 165 ps (due to the transmit filter) plus 125 us
(due to encoding delay), which totals 280 us. Any offset
voltage due to the filters or comparator is cancelled by sign
bit integration.

RECEIVE SECTION

The receive section consists of an expanding DAC which
drives a fifth order switched-capacitor low pass filter
clocked at 256 kHz. The decoder is A-law (TP3067) or
p-law (TP3064) and the 5th order iow pass filter corrects for
the sin x/x attenuation due to the 8 kHz sample/hold. Tho
filter is then foliowed by a 2nd arder RC active post-filter
with its output at VFRO. The receive section is unity-gain,
but gain can be added by using the power amplifiers. Upon
the occurrence of FSg, the data at the D input is clocked in
on the falling edge of the next eight BCLKg (BCLKy) peri-

ods. At the end of the decoder time slot, the decoding cycle
begins, and 10 us later the decoder DAC output is updated.
The total decoder delay is ~ 10 ps (decoder update) plus
110 us (filter delay) plus 62.5 us (Y, frame), which gives
approximately 180 ps.

RECEIVE POWER AMPLIFIERS

Two inverting mode power amplifiers are provided for direct-
ly driving a matched line interface transformer. The gain of
the first power ampilifier can be adjusted to boost the +2.5V
peak output signal from the receive filter up to +3.3V peak
into an unbalanced 3001} load, or +4.0V into an unbal-
anced 15 k{2 load. The sacond power amplifier is intemally
connected in unity-gain inverting mode to give 6 dB of signal
gain for balanced loads.

Maximum power transfer to a 60092 subscriber line termina-
tion is obtained by differentially driving a balanced trans-
former with a 1/2:1 turns ratio, as shown in Figure 4. A total
peak power of 15.6 dBm can be delivered to the load plus
termination.

ENCODING FORMAT AT Dy OUTPUT

TP3064 TP3067
Law A-Law
w (Includes Even Bit Inversion)
ViN = +Full-Scale 1 0 0 0 1] 0 1] 0 1 0 1 0 1 0 1 0
ViN = 0V {1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 1
0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 1
Vin = —Full-Scale 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0
1-48
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
piease contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Vo to GNDA v
Vg to GNDA -7V
Voltage at any Analog Input

or Output Vet 0.3V to Vpg— 0.3V

Voltage at any Digital Input
or Output

Operating Temperature Range
Storage Temperature Range

Voc +0.3V to GNDA—0.3V
—25°Cto +125°C
—65°Cto +150°C

Lead Temp. (Soldering, 10 sec.) 300°C
ESD (Human Body Model) J 1000V
ESD {(Human Body Model) N 1500V
Latch-Up Immunity 100 mA on Any Pin

Electrical CharacteristiCs uniess otherwise noted, limits printed in BOLD characters are guaranteed for Vog =
+5.0V +5%, Vgg = —5.0V £5%; Ta = 0°C to 70°C by correlation with 100% electrical testing at T = 25°C. Al other limits
are assured by correlation with other production tests and/or product design and characterization. All signals referenced to
GNDA. Typicals specified at Vo = +5.0V, Vgg = —5.0V, T4 = 25°C.

Symbol l Parameter l Conditions I Min ] Typ l Max I Units
POWER DISSIPATION (ALL DEVICES)
locO Power-Down Current (Note) 0.5 1.5 mA
Igg0 Power-Down Current (Note) 0.05 0.3 mA
Icct Active Current VPI=0V; VFRO, VPO and VPO~ unloaded 70 | 10.0 mA
pg1 Active Current VPI=0V; VFRO, VPO *+ and VPO~ unloaded 70 | 10.0 mA
DIGITAL INTERFACE
Vi Input Low Voltage 0.6 \
Vin Input High Voltage 2,2 v
VoL Output Low Voltage Dy, 1L.=3.2mA 0.4 \
TSx, I =3.2 mA, Open Drain 0.4 \
Vou Output High Voltage Dy, lH=—3.2mA 2.4 \
[ Input Low Current GNDA <V <V, All Digital Inputs -10 10 HA
hH Input High Current VIHEVINS Ve -10 10 HA
loz Output Current in High Impedance | Dy, GNDA<Vp<Vce -10 10 pA
State (TRI-STATE)

Note: Iccp and Iggg are measured after first achieving a power-up state.

Powciil}y g 5Ty IFRLp B Ed EF R 3B a5 Il
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Electrical Characteristics (continued)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vo = +5.0V+£5%, Vgg = —5.0V15%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Tp = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. All signals referenced to GNDA. Typicals specified at Voo =
+5.0V, Vgg = —5.0V, Ty = 25°C.

TP3064, TP3067

Symbol Parameter l Conditions l Min ' Typ | Max I Units
ANALOG INTERFACE WITH TRANSMIT INPUT AMPLIFIER (ALL DEVICES)
XA Input Leakage Current - é.SV <V< +2.5V, VFylt or VFyl— —-200 200 nA
RiXA Input Resistance —2.5V<V< +2.5V, VFxl+ or VFyl— 10 MQ
RoXA Output Resistance Closed Loop, Unity Gain 1 3 (1)
RLXA Load Resistance GSx 10 kQ
CiXA Load Capacitance GSx 50 pF
VoXA Qutput Dynamic Range GSx, RL=10kQ2 -2.8 +2.8 \
AyXA Voltage Gain VFxl+ to GSy 5000 \"7a%
FyuXA Unity-Gain Bandwidth 1 2 MHz
VosXA Offset Voliage —20 20 mv
VoMXA Common-Mode Voltage CMRRXA > 60 dB -2.5 2.5 \%
CMRRXA Common-Mode Rejection Ratio DC Test 80 dB
PSRRXA Power Supply Rejection Ratio DC Test 60 dB
ANALOG INTERFACE WITH RECEIVE FILTER (ALL DEVICES)
RoRF Output Resistance Pin VFRO 1 3 (1)
R_LRF Load Resistance VFRO= 125V 10 kQ
CLRF Load Capacitance Connect from VFRO to GNDA 25 pF
VOSRO Output DC Offset Voltage Measure from VFRO to GNDA —200 200 mv
ANALOG INTERFACE WITH POWER AMPLIFIERS (ALL DEVICES)
IPI Input Leakage Current —1.0VSVPI< 1.0V —100 100 nA
RIPI Input Resistance —1.0VSVPIL1.0V 10 MQ
VvIOS Input Offset Voltage —-25 25 mv
ROP Qutput Resistance Inverting Unity-Gain at 1 1)
VPO+ or VPO~
Fc Unity-Gain Bandwidth Open Loop (VPO ) 400 kHz
C.P Load Capacitance 100 pF
GApt Gain from VPO~ to VPO + R =600 VPO to VPO~ -1 74"
Level at VPO~ =1.77 Vrms
PSRRp Power Supply Rejection of VPO~ Connected to VPI
Vcg or Ves 0 kHz—4 kHz 60 dB
4 kHz—50 kHz 36 dB
Ry P Load Resistance Connect from VPO + to VPO~ 600 Q

1-50
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Timing Specifications
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Voc = +5.0V 5%, Vgg = —5.0V £5%,Tp =
0°C to 70°C by correlation with 100% electrical testing at T4 = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. Al signals are referenced to GNDA. Typicals specified at Vo =
+5.0V, Vgg = —5.0V, T4 = 25°C. All timing parameters are measured at Vo = 2.0V and Vg = 0.7V.
See Definitions and Timing Conventions section for test methods information.
Symbol Parameter Conditions Min Typ Max Units
1/tpm Frequency of Master Clock 1.536 MHz
1.544 MHz
MCLKy and MCLKR 2.048 MHz
tam Rise Time of Master Clock MCLKy and MCLKgR 50 ns
tFM Fall Time of Master Glock MCLKx and MCLKR 50 ns
tra Period Bit of Clock 485 488 15725 ns
tRe Rise Time of Bit Clock BCLKy and BCLKR 50 ns
B Fall Time of Bit Clock BCLKy and BCLKR 50 ns
twMmH Width of Master Clock High MCLKyx and MCLKg 160 ns
twML Width of Master Clock Low MCLKy and MCLKR 160 ns
tsBEM Set-Up Time from BCLKy High 100 ns
to MCLKx Falling Edge
tSEEM Set-Up Time from FSx High Long Frame Only 100 ns
to MCLKx Falling Edge
twBH Width of Bit Clock High 160 ns
twBL Width of Bit Clock Low 160 ns
tHBFL Holding Time from Bit Clock Long Frame Only o ns
Low to Frame Sync
tuBFS Holding Time from Bit Clock Short Frame Only ] ns
High to Frame Sync
tsFe Set-Up Time for Frame Sync Long Frame Only 80 ns
to Bit Clock Low
toep Delay Time from BCLKx High Load= 150 pF plus 2 LSTTL Loads 0 180 ns
to Data Valid
toeTS Delay Time to TSy Low Load= 150 pF plus 2 LSTTL Loads 140 ns
tozc Delay Time from BCLKy Low to 50 165 ns
Data Output Disabled
tozr Delay Time to Valid Data from C_=0pFto 150 pF 20 165 ns
FSx or BCLKx, Whichever
Comes Later
tsps Set-Up Time from Dg Valid to 50 ns
BCLKR/x Low
tHBD Hold Time from BCLKRr/x Low to 50 ns
Dg Invalid
tsp Set-Up Time from FSx/R to Short Frame Sync Pulse (1 Bit Clock 50 ns
BCLKy,/R Low Period Long)
tHE Hold Time from BCLKx,R Low Short Frame Sync Pulse (1 Bit Clock 100 ns
to FSy/g Low Period Long)
tHBFI Hold Time from 3rd Period of Long Frame Sync Pulse (from 3 to 8 Bit 100 ns
Bit Clock Low to Frame Sync Clock Periods Long)
{(FSx or FSR)
WL Minimum Width of the Frame 64k Bit/s Operating Mode 160 ns
Sync Pulse (Low Level)
1-51
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TP3064, TP3067
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8| Transmission Characteristics
& Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vog = +5.0V £5%, Vpg = —5.0V £5%; T =
< 0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
w0 production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, Vjy = 0 dbm0, transmit input amplifier
8 connected for unity gain non-inverting. Typicals specified at Voc = +5.0V, Vgg = —5.0V, T = 25°C.
[+ 9
= | Symbol I Parameter l Conditions Min ] Typ I Max l Units
AMPLITUDE RESPONSE '
Absolute Levels Nominal 0 dBm0 Level is 4 dBm
({Definition of (60042)
nominal gain) 0dBmo 1.2276 Vrms
tMAX Virtual Decision Value Defined Max Transmit Overload Level
per CCITT Rec. G711 TP3064 (3.17 dBmO) 2.501 Vpk
TP3067 (3.14 dBmO) 2.492 VpK
Gxa Transmit Gain, Absolute - Ta=25°C, Vo =5V, Vgg= — 5V -0.15 0.15 dB
Gxp Transmit Gain, Relative to Gxa f=16 Hz —40 dB
f=50 Hz ' —30 dB
f=60 Hz -26 dB
=200 Hz , -1.8 —-0.1 dB
f=2300 Hz-3000 Hz -0.18 0.15 dB
f=3300 Hz -0.35 0.05 dB
f=3400 Hz -0.7 o] dB
f=4000 Hz -14 dB
= 4600 Hz and Up, Measure -32 dB
Response from 0 Hz to 4000 Hz
Gxat Absolute Transmit Gain Variation | Relative to Gya -0.1 0.1 dB
with Temperature
Gxav Absolute Transmit Gain Variation | Relative to Gxa -0.08 0.05 dB
with Supply Voitage
GxRL Transmit Gain Variations with Sinusoidal Test Method
Level Reference Level= — 10 dBm0O
VFxl+ = —40 dBm0 to +3 dBm0 -0.2 0.2 dB
VFyl+ = —50 dBmO to —40 dBm0 —-0.4 0.4 dB
VFyl+ = —55 dBm0 to —50 dBm0 -1.2 1.2 dB
GRra Receive Gain, Absolute Ta=25°C,Voc=5V, Vgg= —5V -0.15 0.18 dB
Input=Digital Code Sequence
for 0 dBm0 Signal
Gan Receive Gain, Relative to Gra f=0 Hz to 3000 Hz -0.18 0.15 dB
f=23300 Hz -0.35 0.05 dB
£=3400 Hz -0.7 0 dB
f=4000 Hz ~14 dB
GRAT Absolute Receive Gain Variation | Relative to Gra -0.1 0.1 dB
with Temperature
GRAv Absolute Receive Gain Variation | Relative to Gra -0.05 0.0S dB
with Supply Voltage
GRrRL Receive Gain Variations with Sinusoidal Test Method; Reference
Level Input PCM Code Corresponds to an
Ideally Encoded — 10 dBm0 Signal
PCM Level= —40 dBm0 to +3 dBm0 -0.2 0.2 dB
PCM Level= —50 dBm0 to —40 dBm0 -~ 0.4 0.4 dB
PCM Level= —55 dBm0 to —50 dBmQ -1.2 1.2 dB
VRo Recesive Filter Output at VFRO RL=10kQ —25 2.5 \
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Transmission Characteristics (continueq)
Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vo = +5.0V £5%, Vgg = —5.0V £56%; Tp =
0°C to 70°C by correlation with 100% electrical testing at Ta = 25°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V| = 0 dbm0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Voo = +5.0V, Vgg = —5.0V, Ty = 25°C.
Symbol Parameter Conditions | Min | Typ | Max | Units
ENVELOPE DELAY DISTORTION WITH FREQUENCY
Dxa Transmit Delay, Absolute f=1600 Hz 290 315 us
Dxn Transmit Delay, Relative to Dxa f=500 Hz—600 Hz 195 220 us
f=600 Hz—800 Hz 120 145 us
f=800 Hz—1000 Hz 50 75 us
f=1000 Hz—1600 Hz 20 40 us
f=1600 Hz—2600 Hz 55 75 us
f=2600 Hz—2800 Hz 80 105 us
f=2800 Hz—3000 Hz 130 155 us
DRa Recsive Delay, Absolute f=1600 Hz 180 200 us
DR Receive Delay, Relative to Dpa f=1500 Hz— 1000 Hz —40 —-25 us
f=1000 Hz—1600 Hz —-30 -20 us
f=1600 Hz—2600 Hz 70 90 us
f=2600 Hz—2800 Hz 100 125 us
f=2800 Hz—3000 Hz 145 175 ns
NOISE
Nxc Transmit Noise, C Message TP3064 (Note 1) 12 15 dBrnCO
Weighted
Nxp Transmit Noise, Psophometric TP3067 (Note 1) —74 -6e7 dBmOp
Weighted
NRrc Receive Noise, C Message PCM Code Equals Alternating
Weighted Positive and Negative Zero
TP3064 8 11 dBrnCO
Ngrp Receive Noise, Psophometric PCM Code Equals Positive
Weighted Zero
TP3067 -82 -79 dBmoOp
Ngs Noise, Single Frequency f=0 kHz to 100 kHz, Loop Around —53 dBm0
Measurement, VFxi+ =0 Vrms
PPSRy Positive Power Supply Rejection, Vee=5.0 Vpg + 100 mVrms
Transmit f=0kHz—50 kHz (Note 2) 40 dBC
NPSRy Negative Power Supply Rejection, Vgg=—5.0Vpgc+ 100 mVrms
Transmit f=0 kHz—50 kHz (Note 2) 40 dBC
PPSRR Positive Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vee=5.0 Vpc+ 100 mVrms
Measure VFRO
f=0 Hz—4000 Hz 38 dBC
f=4 kHz—50 kHz 25 dB
NPSRR Negative Power Supply Rejection, PCM Code Equals Positive Zero
Receive Vgg= —5.0 Vpg+ 100 mVrms
Measure VFRO
f=0Hz--4000 Hz 40 dBC
f=4 kHz—-25kHz 40 dB
f=25 kHz—50 kHz 36 dB
SOS Spurious Out-of-Band Signals 0 dBm0, 300 Hz — 3400 Hz Input
at the Channel Output PCM Code Applied at DR
Measure Individual Image Signals at
VFgO
4600 Hz-7600 Hz —32 dB
7600 Hz-8400 Hz —40 dB
8400 Hz~-100,000 Hz —-32 dB8
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Transmission Characteristics (continued)

Unless otherwise noted, limits printed in BOLD characters are guaranteed for Vgg = +5.0V £5%, Vgg = —5.0V +5%; Tp =
0°C to 70°C by correlation with 100% electrical testing at To = 26°C. All other limits are assured by correlation with other
production tests and/or product design and characterization. GNDA = 0V, f = 1.02 kHz, V)5 = 0 dbmo0, transmit input amplifier
connected for unity gain non-inverting. Typicals specified at Vog = +5.0V, Vgg = —5.0V, T4 = 25°C.

TP3064, TP3067

Symbol [ Parameter Conditions l Min | Typ | Max | Units
DISTORTION
STDy, Signal to Total Distortion Sinusoidal Test Method (Note 3)
STDg Transmit or Receive Level=3.0 dBm0 33 dBC
Half-Channel =0dBmo0 to —30 dBm0 36 dBC
= —40dBm0 XMT 29 dBC
RCV 30 dBC
= —55dBm0 XMT 14 dBC
RCV 15 dBC
SFDx Single Frequency Distortion, -46 dB
Transmit
SFDg Single Frequency Distortion, —-46 dB
Receive
IMD Intermodulation Distortion Loop Around Measurement, —41 dB

VFxl+ = —4dBm0 to —21 dBm0, Two
Frequencies in the Range
300 Hz—3400 Hz

CROSSTALK
CTx.r Transmit to Receive Crosstalk f=2300 Hz—3000 Hz
DR =Quiet PCM Code —-90 -75 dB
CTr.x Receive to Transmit Crosstalk =300 Hz—3000 Hz, VFxI=0V -80 —-70 dB
(Note 2)
POWER AMPLIFIERS
VoPA Maximum 0 dBm0O Level Balanced Load, R Connected Between
(Better than +0.1 dB Linearity over VPO+ and VPO~
the Range —10 dBmO0 to + 3 dBm0) Ry =60002 3.3 Vrms
RL=12000 35 Vrms
S/Dp Signal/Distortion Ry =6000 50 dB

Note 1: Measured by extrapolation from the distortion test result at —50 dBm0.
Note 2: PPSRy, NPSRy, and CTr—x are measured with a —50 dBm0 activation signal applied to VFx|+.
Note 3: TP3064 15 using C Te] ig| filter. TP3067 is measured using psophometric weighted filter.

1-56
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Applications Information

POWER SUPPLIES

While the pins of the TP3060 family are well protected
against electrical misuse, it is recommended that the stan-
dard CMOS practice be followed, ensuring that ground is
connected to the device before any other connections are
made. In applications where the printed circuit board may be
plugged into a “hot” socket with power and clocks already
present, an extra long ground pin in the connector should
be used.

All ground connections to each device should meet at a
common point as close as possible to the GNDA pin. This

Typical Asynchronous Application

minimizes the interaction of ground return currents flowing
through a common bus impedance. 0.1 uF supply decou-
pling capacitors should be connected from this common
ground point to Vcg and Vpg, as close to the device as
possible.

For best performance, the ground point of each CODEC/
FILTER on a card should be connected to a common card
ground in “STAR" formation, rather than via a ground bus.
This common ground point should be decoupled to Vg and
Vgg with 10 pF capacitors.

Note: See Application Note 370 for further details

&
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<
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R1 + R2
Note 1: Transmit gain = 20 X log (T) AR1 + R2) = 10kQ

2 x R3
R4

Note 2: Receive gan = 20 X log ( ) ,R4 = 10kQ

FIGURE 4
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Application Information

A block diagram of the basic phase locked loop is shown in Figure 1.
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| Frequency | frequency | 1N 1 fn !
| Synthesizer | 1 | H
b 4 fref 1
MAIN DIVIDER 1
]

FIGURE 1. Basic Charge Pump Phase Locked Loop

LOOP GAIN EQUATIONS

A linear control system model of the phase feedback for a
PLL in the locked state is shown in Figure 2. The open loop
gain is the product of the phase comparator gain (K¢), the
VCO gain (Kycefs), and the loop filter gain Z(s) divided by
the gain of the feedback counter modulus (N). The passive
loop filter configuration used is displayed in Figure 3, while
the complex impedance of the filter is given in Equation (1).

o

DS0128086-16

FIGURE 2. PLL Linear Model

R2

-1

DS012806-16

FIGURE 3. Passive Loop Filter

|_|

c2

Open loop gain = H(s) 6(s) = (—)i/(~)e
= K(I)Z(s) KVCO/NS
2(s) = ~ s(C1eR2) +1
s”(C1eC2eR2) + sC1 + sC2 (1)

The time constants which determine the pole and zero fre-
quencies of the filter transfer function can be defined as

Cle(C2

RZeci+c2

@
and

pctronic-Library Service CopyRigit 20039 « C2 (3)

The 3rd order PLL Open Loop Gain can be calculated in

terms of frequency, , the filter time constants T1 and T2,

and the design constants K,, Kyco, and N.

DS012806-14

“Ky*Kyeo (1 #jweT2) 1y
W?CTeN(1+joeTl) T2 (4

From Equations (2), (3) we can see that the phase term will
be dependent on the single pole and zero such that the
phase margin is determined in Equation (5).

o) =tan ~' (@ + T2) —tan™' (@ + T1) + 180"  (5)
A plot of the magnitude and phase of G(s)H(s) for a stable
loop, is shown in Figure 4 with a solid trace. The parameter
¢, shows the amount of phase margin that exists at the point
the gain drops below zero (the cutoff frequency wp of the
loop). In a critically damped system, the amount of phase
margin would be approximately 45 degrees.

If we were now to redefine the cut off frequency, wp’, as
double the frequency which gave us our original loop band-
width, wp, the loop response time would be approximately
halved. Because the filter attenuation at the comparison fre-
quency also diminishes, the spurs would have increased by
approximately 6 dB. In the proposed Fastlock scheme, the
higher spur levels and wider loop filter conditions would exist
only during the initial lock-on phase—just long enough to
reap the benefits of locking faster. The objective would be to
open up the loop bandwidth but not introduce any additional
complications or compromises related to our original design
criteria. We would ideally like to momentarily shift the curve
of Figure 4 over to a different cutoff frequency, illustrated by
the dotted line, without affecting the relative open loop gain
and phase relationships. To maintain the same gain/phase
relationship at twice the original cutoff frequency, other terms
in the gain and phase Equation (4) and Equation (5) will have
to compensate by the corresponding “1/w” or “1/w®” factor.
Examination of equations Equations (2), (3) and Equation (5)
indicates the damping resistor variable R2 could be chosen
to compensate the “w” terms for the phase margin. This im-
plies that another resistor of equal value to R2 will need to be
switched in parallel with R2 during the initial lock period. We
must also insure that the magnitude of the open loop gain,
H(s)G(s) is equal to zero at wp’ = 2wp. K ., Ko, N, or the
net product of these terms can be changed by a factor of 4,
to counteract the w? term present in the denominator of
Equation (2) and Equation (3). The K¢ term was chosen to
complete the transformation because it can readily be

G(s)oH(s)g = jayy =
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Application Information (continued)

switched between 1X and 4X values. This is accomplished
by increasing the charge pump output current from 1 mAin
the standard mode to 4 mA in Fastlock.

Gain N Phase
N
[6(s) H(s) R £ G(s)H(s)
~
~
" Y :ll , = Zmp )
0dB < 90
\
v
\
\
\
7N \‘
(v AY
I%/ b ot
< = -180
Frequency
DS012806-17

FIGURE 4. Open Loop Response Bode Plot

FASTLOCK CIRCUIT IMPLEMENTATION

A diagram of the Fastlock scheme as implemented in Na-
tional Semiconductors LMX233XL PLL is shown in Figure 5.
When a new frequency is loaded, and the RF Icp, bit is set
high the charge pump circuit receives an input to deliver 4
times the normal current per unit phase error while an open
drain NMOS on chip device switches in a second R2 resistor
element to ground. The user calculates the loop filter compo-
nent values for the normal steady state considerations. The
device configuration ensures that as long as a second iden-

tical damping resistor is wired in appropriately, the loop will
lock faster without any additional stability considerations to
account for. Once locked on the correct frequency, the user
can return the PLL to standard low noise operation by send-
ing a MICROWIRE instruction with the RF lcp, bit set low.
This transition does not affect the charge on the loop filter
capacitors and is enacted synchronous with the charge
pump output. This creates a nearly seamless change be-
tween Fastlock and standard mode.

e 3
1 v
1 T
1 I
1 I
I MAIN DIVIDER 1
1 CHARGE I
1 PUMP [
| |
1 PHASE A 1
: DETECTOR :
: r ‘v"v‘—l : vCo
! (I) Dy | LOOP FILTER
! f t ~ b—0O FF,
. p R | o Y. out

: W : xI

v | g o -

REFERENCE | = H

R2
! 1><14>< | !
1 Fastlock 1
1 | 1
1 I
1 = /l
e e e e e e e e e e e e e e e e e
DS0128086-18

FIGURE 5. Fastlock PLL Architecture
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PhySical Dimensions inches (millimeters) unless otherwise noted
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MTC20 (REV C}

20-Lead (0.173" Wide) Thin Shrink Small Outline Package (TM)
Order Number LMX2330LTM, LMX2331LTM or LMX2332LTM
* For Tape and Reel (2500 units per reel)
Order Number LMX2330LTMX, LMX2331LTMX or LMX2332LTMX
NS Package Number MTC20

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2. A critical component in any component of a life support
tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b) support or sustain life, and whose fail- sonably expected to cause the failure of the life support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

X2330L/LMX2331L/LMX2332L PLLatinum Low Power Dual Frequency Synthesizer for RF

to the user.
Powered by ICminer.com EIeE)nic-Lib ary Sﬂe AlianrliSerton National Semiconductor National Semiconductor
Corporation Europe Asia Paclific Customer Japan Ltd.
—I Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5620-6175
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5620-6179
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangais Tel: +49 (0) 1 80-532 93 58
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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LMX2350/LMX2352
PLLatinum™ Fractional N R
Dual Low Power Frequency

LMX2350 2.5 GHz/550 MHz
LMX2352 1.2 GHz/550 MHz

General Description

The LMX2350/2352 is part of a family of monolithic inte-
grated fractional N/ Integer N frequency synthesizers de-
signed to be used in a local oscillator subsystem for a radio
transceiver. It is fabricated using National’s 0.5 ABIiC V sili-
con BiICMOS process. The LMX2350/2352 contains dual
modulus prescalers along with modulo 15 or 16 fractional
compensation circuitry in the RF divider. A 16/17 or 32/33
prescale ratio can be selected for the LMX2350, and the
LMX2352 provides 8/9 or 16/17 prescale ratios. The IF cir-
cuitry for both the LMX2350 and LMX2352 contains an 8/9
prescaler, and is fully programmable. Using a fractional N
phase locked loop technique, the LMX2350 /52 can gener-
ate very stable low noise control signals for UHF and VHF
voltage controlled oscillators (VCO’s).

For the RF PLL, a highly flexible 16 level programmable
charge pump supplies output current magnitudes from
100pA to 1.6mA. Two uncommitted CMOS outputs can be
used to provide external control signals, or configured to
FastLock™ mode. Serial data is transferred into the
LMX2350/2352 via a three wire interface (Data, LE, Clock).
Supply voltage can range from 2.7 V10 5.5 V. The LMX2350/

NNational Semiconductor

ADVANCE INFORMATION

July 1998

F / Integer N IF
Synthesizer

2352 family features very low current consumption; typically
LMX2350 (2.5 GHz) 7.0 mA, LMX2352 (1.2 GHz) 5.5 mA at
3.0V. The LMX2350/2352 are available in a 24-pin TSSOP
surface mount plastic package.

Features

m 2.7 Vto 5.5 V operation

® Low current consumption

LMX2350: lcc = 7mA typ at 3v

LMX2352: Icc = 5.5mA typ at 3v

Programmable or logical power down mode

lcc = 6 pA typ at 3v

Modulo 15 or 16 fractional RF N divider supports ratios
of1,2,3,4,5,8,15, or 16

Programmable charge pump current levels

RF 100pA to 1.6mA in 100pA steps

IF 100pA or 800 pA

Digital filtered lock detect

Applications

Portable wireless communications (PCS/PCN, cordless)
Dual mode cellular telephone systems

Zero blind slot TDMA systems

Spread spectrum communication systems (CDMA)
Cable TV Tuners (CATV)

Block Diagram
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Pin Descriptions

Connection Diagram

outo — 1 O 24 |~ outi
Voo =1 2 23 |- Ve,
I 22 = Ve,
CPopr =] 4 21 |= cPo
GND — 5 20 = GND
fin RF = 6 19 = fin IF
finRF = 7 18 b= fin IF
GND — 8 17 |~ onp
0sCx — 9 16 = LE
0scin = 10 15 |- paTaA
Fo/LD —f 11 14 |~ cLock
RF_EN — 12 13 = IF_EN
DS100831-2

Order Number LMX2350TM or LMX2352TM
NS Package Number MTC24

Pin Pin e} Description
No. Name

1 ouTo O Programmable CMOS output. Level of the output is controlled by IF_N [17] bit.

2 Veege - RF PLL power supply voltage input. Must be equal to Vccr. May range from 2.7 Vio 55 V.
Bypass capacitors should be placed as close as possible to this pin and be connected directly
to the ground plane.

3 Vore - Power supply for RF charge pump. Must be 2V ... and V..

4 CPopre (6] RF charge pump output. Connected to a loop filter for driving the control input of an external
VCO.

5 GND - Ground for RF PLL digital circuitry.

6 fin RF | RF prescaler input. Small signal input from the VCO.

7 fin RF | RF prescaler complimentary input. A bypass capacitor should be placed as close as possible
to this pin and be connected directly to the ground plane.

8 GND - Ground for RF PLL analog circuitry.

9 OSCx l[e]} Dual mode oscillator output or RF R counter input. Has a Vcc/2 input threshold when
configured as an input and can be driven from an external CMOS or TTL logic gate. Can also
be configured as an output to work in conjunction with OSCin to form a crystal oscillator. (See
functional description 1.1 and programming description 3.1.)

10 OSCin | Oscillator input which can be configured to drive both the IF and RF R counter inputs or only
the IF R counter depending on the state of the OSC programming bit. (See functional
description 1.1 and programming description 3.1.)

11 FolD (6] Multiplexed output of N or R divider and RF/IF lock detect. Active High/Low CMOS output
except in analog lock detect mode. (See programming description 3.1.5.)

12 RF_EN | RF PLL Enable. Powers down RF N and R counters, prescaler, and will TRI-STATE the
charge pump output when LOW. Bringing RF_EN high powers up RF PLL depending on the
state of RF_CTL_WORD. (See functional description 1.9.)

13 IF_EN | IF PLL Enable. Powers down IF N and R counters, prescaler, and will TRI-STATE the charge
pump output when LOW. Bringing IF_EN high powers up IF PLL depending on the state of
IF_CTL_WORD. (See functional description 1.9.)

14 CLOCK | High impedance CMOS Clock input. Data for the various counters is clocked into the 24 - bit

ary Service CppyRight 2003 shift register on the rising edge.

15 DATA | Binary serial data input. Data entered MSB first. The last two bits are the control bits. High

impedance CMOS input.
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