= TOKO

TK14588

FEATURES

Input Frequency (~22 MHz)

Low Voltage Operation (2.3to 5.5V)
Battery Save Function

Wide Band Demodulator (~1 MHz)

High Speed Data Comparator (~2 Mbps)
Very Small Package (TSSOP-16)

DESCRIPTION

The TK14588V is a standard function general purpose IF
IC capable of operating up to 22 MHz. The TK14588V
contains a high-speed data comparator for base band
processing. The TK14588V has a unique function that
allows establishing the demodulation characteristics by
changing the external RC time constant, and not changing
the phase shifter constant. The RSSI outputis individually
trimmed, resulting in excellent accuracy, good linearity,
and stable temperature characteristics. The TK14588V
was developed for high-speed data communication, DECT,
wireless LAN, keyless entry systems, etc.

The TK14588V is available in the very small TSSOP-16
surface mount package.

ORDERING INFORMATION
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Tape/Reel Code

FMIF IC
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m Communications Equipment
m Wireless LAN
m Keyless Entry Systems
TK14588V
IFinPUT [1] 6] GND
DECOUPLE [2] 75] RSS!
DECOUPLE [3] [14] IF ouTPUT
NC [&] 73] DET INPUT
POWER SAVE [5] [12] DET OUTPUT
vee [€] [71] AMP OUTPUT
COMP OUTPUT [7 [70] COMP INPUT
comp GND [E [9] comP INPUT

BLOCK DIAGRAM

] DET OUTPUT
AMP OUTPUT
COMP INPUT
COMP INPUT

] IF OUTPUT
] DET INPUT

° [;
@

S
iﬂ
o]

LIMITER

IF INPUT | =
DECOUPLE E\:
DECOUPLE E"

w[]

POWER SAVE Eﬂ
COMP GND

TAPE/REEL CODE
TL: Tape Left

January 2000 TOKO, Inc.

Page 1



TK14588

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Operating Voltage Range
Power Dissipation (Note 1)

......... 160 mwW

................. 6V Storage Temperature Range
Operating Temperature Range ................... -30to +85 °C
Operating Frequency Range (IF) ................. 6 to 22 MHz

23t055V

-55to +150 °C

Operating Frequecy Range (Demodulation) ..... to 1 MHz

TK14588V ELECTRICAL CHARACTERISTICS

Test conditions: V. =3V, f = 10.7 MHz, fm = 1 kHz, Modulation = +50 kHz, T, = 25 °C, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS

No input 3.5 5.0 mA
lec Supply Current -

Power Save = ON, No input 0.2 5.0 HA
IF
Vour Output Voltage -30 dBm input 120 200 360 | mVrms
THD Total Harmonic Distortion -30 dBm input 0.5 2.0 %
S/IN Signal to Noise Ratio -30 dBm input 60 70 dB
SINAD 12 dB SINAD -89 -83 dBm
Riean Limiter Input Resistance 14 1.8 2.2 kQ
G Gain 69 75 dB
RSSI

No input 0.00 0.20 0.30 \Y%

-60 dBm non-modulated input 0.40 0.55 0.70 V
Viss: RSSI Output Voltage :

-30 dBm non-modulated input 1.05 1.20 1.40 V

0 dBm non-modulated input 1.50 1.70 1.95 Vv
COMPARATOR
D, Duty Ratio 45 50 55 %
lout Output Current 1 mA

Note 1. Power dissipation is 160 mW when mounted as recommended. Derate at 1.28 mW/°C for operation above 25°C.

Page 2
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TK14588

TEST CIRCUIT

COMP_INPUT

_ —_ RSSIOUT

0.01 yF

16 15
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0.01 pF 0.01 pF 0.01 |1F
50 Q | |
IF-INPUT

TYPICAL PERFORMANCE CHARACTERISTICS

T, =25 °C, unless otherwise specified.

S+N, N, AM OUT, TOTAL

HARMONIC DISTORTION vs. RSSI OUTPUT VOLTAGE vs.
INPUT VOLTAGE INPUT VOLTAGE
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS

T, = 25 °C, unless otherwise specified.
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C, unless otherwise specified.

LIMITER GAIN vs. RSSI OUTPUT VOLTAGE vs.
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

RSSI Output Voltage Transient Response (IF Input ON/OFF)

C

IF INPUT VOLTAGE
=-10, -40, -70 dBm I

12 k
RSSI OUTPUT

C=0.01pF

4—— RSSI OUTPUT
-10 dBmiin
-40 dBmin
-70 dBm in
(0.5V/div)
4+—— sG

GATE PULSE
(AV/div)

N
AN
|

/.

J/4

0.1 ms/div 0.1 ms/div
C =0.001 pF

— <4— RSSI OUTPUT
/ -10 dBmin

// -40 dBm in _\
N

-70 dBmin
(0.5V/div)
4+—— sG

GATE PULSE
(1V/div)

20 us/div 20 us/div
C = 0.0001 pF

<4— RSSI OUTPUT

I -10 dBmin
:k -40 dBm in _\\
-70 dBm in —“\\
(0.5V/div)

4+— sG

GATE PULSE
(1V/div)

20 us/div 20 us/div
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

RSSI Output Voltage Transient Response (Power Save ON/OFF)

C

IF INPUT VOLTAGE
=-10, -40, -70 dBm I

12k
RSSI OUTPUT

C=0.01pF

<4—— POWER SAVE
(av/div)

4—— RSSI OUTPUT

-10 dBm in

-40 dBm in —
\
N

-70 dBmin
(0.5V/div)

0.2 ms/div 0.2 ms/div

<4—— POWER SAVE
(1V/div)

AYAY

C =0.001 pF

<4——— RSSIOUTPUT

-10 dBmin

/ -40 dBmin —\\
ﬁ T~ -70 dBmin TN
(0.5V/div)

20 ps/div 20 ps/div

AYAN

C = 0.0001 pF

<4—— POWER SAVE
(1V/div)

<4——— RSSIOUTPUT

-10 dBmin

-40 dBm in —

- -70 dBmin |
(0.5V/div)
20 us/div 20 us/div
]
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.
RSSI Output Voltage Transient Response (Supply Voltage ON)

C

IF INPUT VOLTAGE
=-10, -40, -70 dBm I

12k
RSSI OUTPUT

C=0.01puF
_=<— VCC
(1V/div)

<4— RSSI OUTPUT

-10dBmin

-40 dBm in

-70 dBmin
(0.5v/div)

0.5 ms/div

] 4_ VCC
(1V/div)

C =0.001 pF

<4— RSSIOUTPUT

I -10 dBm in

\

-40 dBm in

-70 dBmin
(0.5V/div)

0.5 ms/div

C =0.0001 pF
] 4_ VCC
(1V/div)

<4— RSSI OUTPUT

-10 dBmin

-40 dBm in

-70 dBmin
(0.5Vv/div)

0.5 ms/div
]
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TK14588

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

Detector Output Voltage Transient Response (Power Save ON/OFF,Supply Voltage ON)

IF INPUT VOLTAGE
=-40 dBm, No input

POWER SAVE ON/OFF

<4—— POWER SAVE
(1V/div)

i\ <4—— DET OUTPUT

-40 dBm in, Iﬂ[

No input
(0.5v/div)

2 ms/div 2 ms/div

SUPPLY VOLTAGE ON

— Vcc
(1v/div)

<4—— DET OUTPUT

-40 dBm in,
No input
(0.5V/div)

2 ms/div
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PIN FUNCTION DESCRIPTION

TK14588

TERMINAL
PIN INTERNAL EQUIVALENT CIRCUIT DESCRIPTION
SYMBOL VOLTAGE
NO.
1 |IFINPUT 19V 1: Limiting Amplifier
2 DECOUPLE 19V v INPUT
3 |DECOUPLE 1.9V )t I 2,3: Limiting Amplifier
|:} 100K Decoupling
1 AN
%Jb— |Gy
(2] W\
XA @ Aok
4 |NC No internal connection.
However, this pin must
be connected to GND
for noise reduction.
5 | POWER SAVE Vg Power Save On:
V<03V
100 k
A Power Save Off:
. _l_look V,=15VtoV,
6 |V 3.0V
7 | COMP OUT 7: Data Comparator
8 | COMP GND ov Output
8: Data Comparator
GND
9 | COMP INPUT 9,10: Data Comparator
10 | COMP INPUT »—Vee Input
Ax 3 i
B
10 <
D Aa \1
=

January 2000 TOKO, Inc.
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TK14588

PIN FUNCTION DESCRIPTION

TERMINAL
PIN INTERNAL EQUIVALENT CIRCUIT DESCRIPTION
SYMBOL VOLTAGE
NO.
11 | AMP OUTPUT 12V 11: Amplifier Output
12 |DET OUTPUT 12V 12: Detector Output
13 |DET INPUT 3.0V Detector Input
14 |IF OUTPUT 19V v IF Limiter Output
P— VCC
X
100 k
X
15 |RSSI RSSI Output
— Vee
X
X
16 |GND ov

. _______________________________________________________________________________________________________________________________|]
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TK14588

CIRCUIT DESCRIPTION

= 5 = =
2 2 =) =)
5 5 2 B z g
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O] 14 w [a) =) < O O
— 6] [15] [14] [13} [12} [11] 10 9
GND
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RSSI AMP
COMP
LIMITER | E@
Vee
1 [51] [51] [41 [51 [6 1 7 8
5 Y Y g Y 3 5 2
z T T z z 4 [ 5
2 3 3 o 5 o
m O 0 & e} s
w w 2 o Q
a a S )
]
o o
o

IF Limiter Amplifier, RSSI:

The IF limiter amplifier is composed of five differential gain stages. The total gain of the IF limiter amplifier is 80 dB. The
output signal of the IF limiter amplifier is provided at Pin 14 through the emitter-follower output stage. The IF limiter amplifier
output level is 0.5V, .

The input resistance of the IF limiter amplifier is 1.8 kQ (see Figure 1A). If the impedance of the filter is lower than 1.8
kQ, connect an external resistor between Pin 1 and Pin 2 in parallel to provide the equivalent load impedance of the filter.
Figure 1A shows the case that the impedance of the filter is 330 Q.

The operating current of the emitter-follower of the IF limiter amplifier output is 200 pA. If the capacitive load is heavy, the
negative half cycle of the output waveform may be distorted. This distortion can be reduced by connecting an external
resistor between Pin 14 to GND to increase the operating current. The increased operating current by an external resistor
is calculated as follows (see Figure 1B):

The increased operating current |_(mA) = (V. - 1.0) / R, (kQ)

FIGURE 1A FIGURE 1B
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TK14588

CIRCUIT DESCRIPTION (CONT.)

The RSSI output is a current output. It converts to a voltage by an external resistor between Pin 15 and GND. The time
constant of the RSSI output is determined by the product of the external converting resistance and parallel capacitance.
When the time constant is longer, the RSSI output is less likely to be influenced by a disturbance or the component of
amplitude modulation, but the RSSI output response is slower. Determine the external resistance and capacitance by the
application.

Vcc

OUTPUT
l CURRENT
RSSI- OUT

\ Current-to-Voltage

Transformation Resistor

FIGURE 2 - RSSI OUTPUT STAGE

The slope of the RSSI curve characteristic can be modified by changing the external resistance. Inthis case, the maximum
range of converted RSSI output voltage is GND level to about V- 0.2 V (the supply voltage minus the collector saturation
voltage of the output transistor).

In addition, the temperature characteristic of the RSSI output voltage can be modified by changing the temperature
characteristic of the external resistor. Normally, the temperature characteristic of the RSSI output voltage is very stable
when using a carbon resistor or metal film resistor with a temperature characteristic is 0 to 200 ppm/ °C.

This product is very accurate, because the RSSI characteristic is trimmed individually.

AM Demodulation by Using the RSSI Output:

Although the distortion of the RSSI output is high because it is a logarithmic detection of the envelope to the IF input, AM
can be demodulated simply by using the RSSI output. In this case, the input dynamic range that can demodulate AM is
the inside of the linear portion of the RSSI curve characteristic (see Figure 3B).

This method does not have a feedback loop to control the gain because an AGC amplifier is not necessary (unlike the
popularly used AM demodulation method). Therefore, it is a very useful application for some uses because it does not
have the response time problem.

Figure 3A shows the AM demodulated waveform.

RSSI-OUT (V)
Operating Condition AM can b !
— — can pe 1
Vcc =3V, le =10.7 MHz, demodulated
AN N M\ N fm = 40 kHz, Mod = 80%, inside of linear |

[ 1\ V,, =40 dBm
/ \[] Y \ 100mV/div

l / 100ps/div

RF INPUT - LEVEL (dBu)

FIGURE 3A - AM DEMODULATED WAVEFORM FIGURE 3B
I —
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TK14588

CIRCUIT DESCRIPTION (CONT.)
FM Detector:

The FM detector is included in the quadrature FM detector using a Gilbert multiplier.
It is suitable for high speed data communication because the demodulation bandwidth is over 1 MHz.

The phase shifter is connected between Pin 14 (IF limiter output) and Pin 13 (input detector). Any available phase shifter
can be used: a LC resonance circuit, a ceramic discriminator, a delay line, etc.

Figure 4 shows the internal equivalent circuit of the detector.

1 P . .
|€ multiplier core circuit

FIGURE 4

The signal from the phase shifter is applied to the multiplier (in the dotted line) through emitter-follower stage QA. When
the phase shifter is connected between Pin 14 and Pin 13, note that the bias voltage to Pin 13 should be provided from
an external source because Pin 13 is only connected to the base of QA.

Because the base of QB (at the opposite side) is connected with the supply voltage, Pin 13 has to be biased with the
equivalent voltage.

Using an LCresonance circuitis nota problem (see Figure 5). However, when using a ceramic discriminator, itis necessary
to pay attention to bias. If there is a difference of the base voltages, the DC voltages of the multiplier do not balance. It
alters the DC zero point or worsens the distortion of demodulation output.

The Pin 13 input level should be saturated at the multiplier; if this level is lower, it is easy to disperse the modulation output.
Therefore, to have stable operation, Pin 13 should be higher than 100 mV,, .

The following figures show examples of the phase shifter.

Rz is the characteristic impedance
Vce

Rz

Rz

s

LC resonance circuit ceramic discriminator delay line

FIGURE 5 - EXAMPLES OF PHASE SHIFTER
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TK14588

CIRCUIT DESCRIPTION (CONT.)

Establishing Demodulation Characteristics:

Generally, demodulation characteristics of FM detectors are determined by the external phase shifter. However, this
product has a unique function which can optionally establish the demodulation characteristics by the time constant of the
circuit parts after demodulation. The following explains this concept.

Figure 6 shows the internal equivalent circuit of the detector output stage.

The multiplier output current of the detector is converted to a the voltage by the internal OP AMP. The characteristic of
this stage is determined by converting the current to voltage with resistor R j and the capacitor C_ connected between Pin
11 and Pin 12 (see Figure 6).

In other words, the slope of the S-curve characteristic can be established optionally with resistor R | without changing the
constant of the phase shifter. The demodulated bandwidth can be established optionally by the time constant of this
external resistor R and capacitor C inside of a bandwidth of the IF-filter and phase shifter. Figure 7 shows an example

f this ch teristic.
O this characteristic The -3 dB frequency Fc is calculated by the following:

Fc = ;
2nCR,
o The S-curve output voltage is calculated by the following
Demodulated Semodulated as centering around the mtern_al reference voltage V .
Output Current Output Voltage V =V _+i0XR
VOuT ouT ref 0

Where V_, = 1.4V, maximum of current io = +100 pA

FIGURE 6 - INTERNAL EQUIVALENT CIRCUIT OF DETECTOR OUTPUT STAGE

2 T | |||||
I el Operating Condition:
TS e
N _
_ 2 \ \ 10pF ] Measured by the standard test circuit.
S 4 \ \ Parallel resistor to phase shift coil = 1 kQ.
5 N f =10.7 MHz, modulation = +100 kHz.
9 -6 \c=330 pF\ External capacitance C, = 0~1000 pF.
\ \ Il
-8
| VT
-10 |c=1000pF c= \
LI \7pF
12 [T NTTTIN
1 3 10 30 100 300 1000

MODULATING FREQUENCY fm (Hz)

FIGURE 7 - EXAMPLE: BANDWIDTH OF DEMODULATION VS. TIME CONSTANT CHARACTERISTIC
Center Voltage of Detector DC Output:

The center voltage of the detector DC output is determined by the internal reference voltage source. It is impossible to
change this internal reference voltage source, but it is possible to change the center voltage by the following method.

As illustrated in Figure 8, the demodulated output current at Pin 12 is converted to the voltage by an external resistor R1
without using the internal OP AMP.

Figure 9 shows an example of a simple circuit that divides the supply voltage into halves using resistors. Since both circuits
have a high output impedance, an external buffer amplifier should be connected.

Page 16 January 2000 TOKO, Inc.



TK14588

CIRCUIT DESCRIPTION (CONT.)

Vref 1 to V convertor

Demodulated Output Voltage V_ . =VBt*R1Xxio
1

— Demodulated Bandwidth Fc=———

< 2 1 C1(1/gm)
Demodulated
Output Current . . .

******* T - 1/gm is about 50 kQ that is the output resistance of the
VBJ:W}’ = Do éitae;je multiplier.
Vol i . .
I o Pin 11 is disconnected.

FIGURE 8 - EXAMPLE OF USING EXTERNAL REFERENCE SOURCE

Demodulated Output Voltage V_ =V _/2+R1x io

********* St KL
s Demodulated Bandwidth F 1
emodulate anawi c=z ———
R1 Suipia Votage 2 TC1(l/gm)
VouT

A\ 4

R2 L

1/gm is about 50 kQ that is the output resistance of the
multiplier.

R1=R2 =
Pin 11 is disconnected.

FIGURE 9 - EXAMPLE OF DIVIDING SUPPLY VOLTAGE INTO HALVES BY THE RESISTORS

Comparator:

The TK14588V contains a general purpose high-speed data comparator for the base band processing. Because the input
stage is composed of PNP transistors, itis possible to operate from a minimum voltage of 0.2 V to the supply voltage minus
0.9 V (see Figure 10).

Moreover, as the HFE of this PNP transistor is over 100, the bias current is below 0.01 pA (this is below 10% of the value
of the general products on the market using lateral PNP transistor at input stage).

INPUT STAGE

FIGURE 10 - COMPARATOR INPUT STAGE

|
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TK14588

CIRCUIT DESCRIPTION (CONT.)

Comparator (cont.):

Figure 11 shows the internal equivalent circuit of the comparator output stage. Because the comparator output is an open
collector, it is suitable for many interface levels. This open collector output is connected with an electrostatic discharge
protection diode at the GND side only; it is not connected with it at the power supply side in consideration of operating the
voltage over the supply voltage of this IC.

When the collector pull-up resistor value is low, high operating currents result. To preventinterference to the other circuitry,
the emitter of the output transistor is brought out independently at Pin 8.

Pin 8 is not connected with the substrate and other GND internal to the IC. Therefore, when operating this comparator,
this terminal must be connected to GND.

When the comparator is operating at high speed, the etch pattern of Pins 7 and 8 (comparator output stage) should not
be run close to the etch pattern of Pin 1 (IF input). The switching waveform of the comparator output may have an effect
on the IF input and may add noise to the zero crossing of the demodulated waveform, resulting in cross over distortion.

COMPARATOR
OUTPUT STAGE

FIGURE 11 - COMPARATOR OUTPUT STAGE
Power Save Function:

Pin 5 is the control terminal for the battery save function. The ON/OFF operation of the whole IC can be switched by
controlling the DC voltage at this terminal. Figure 12 shows the internal equivalent circuit of Pin 5.

Because it switches the bias circuit of the whole IC using the transistor in standby mode, it reduces the supply current to
near zero. Asthe inputterminal is connected with an electrostatic discharge protection diode at GND side only, itis possible
to control the voltage above the supply voltage. Itis possible to go into standby mode by disconnecting Pin 5, but it is not
recommended because Pin 5 is a high impedance and may malfunction by an external disturbance.

When Pin 5 is disconnected, a suitable capacitor should be connected between Pin 5 and GND.

Vce

W

BIAS

FIGURE 12
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TK14588

TEST BOARD

TK14588V Test Board

(THE SURFACE)

O

0000
0000
©000
0000

RSTOKO

RSSE QUT

P8
o o o o GND
O PP=35i TRIUGggY O
(THE REVERSE)
O@@@@ O
0000
O
0000 oo
oooo| . ©..
o . el . °
o) <{clio] ..
o1
) .. o
SESER
s
O o 00 0 o

O

C1=C2=C4=C6=C8=C9=C10=0.01pF
C3=4.7 yF, C5=1000 pF, C7=1pF
R1=510Q, R2=51kQ, R3=3.3kQ, R4=12kQ, R5=3kQ

L1=12=10pH

L3 = 836BH-0268 (TOKO)
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TK14588

PACKAGE OUTLINE

Marking Information

TSSOP-16
TK14588V 14588

4.8

i

[aaaaa] | Y rrm

76”’@” ;»EL

Recommended Mount Pad

4.4

Lot. No.
5.0 -

3
o| £
© o~

i

»
5% 3
wlle0.25 s
[elo.es °
& o1]

Poz [©

Dimensions are shown in millimeters . "
Tolerance: x.x = + 0.2 mm (unless otherwise specified)

PY . Toko America, Inc. Headquarters
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