
































































































































































































































































































































































































































SONY CXD1237Q/R

Description of Operation

CXD1237Q/R is a filter IC developed for cellular mobile telephone based on North American AMPS Standards
(Advanced Mobile Phone Service), British TACS Standards (Total Access Communication System) and Canadian
DOC Standards (Document of Canada).

By using this LSl in conjunction with control signal processing LSI CXD1270Q/R, a modem with the following
functions can be set up:

(1) Filtering of received WIDE BAND DATA

(2) Filtering of received SAT

(3) PLL lock detection of received SAT

(4) Summing of WIDE BAND DATA, ST and SAT to be transmitted

(5) Filtering of WIDE BAND DATA, ST and SAT to be transmitted

(6) Filtering of received voice

(7) Filtering of transmitted voice

(8) Volume control

This section provides brief descriptions of these functions.

1. Filtering of received WIDE BAND DATA

With the cellular mobile telephone system, data is transmitted between land and mobile stations, during speech
or hand-off, in order to set channels. This data, called WIDE BAND DATA, is manchester code. Transfer speed is
20kbaud for AMPS and DOC standards and 16kbaud for TACS standards. The received WIDE BAND DATA is fed
through gain control amplifier and prefilter to the 4 pole Butterworth low pass filter that operates as a data
demodulating roll-off filter. In CXD1237Q/R , as a switched capacitor filter is used, a cutoff frequency proportionate
to the sampling clock frequency is obtained. Accordingly, with AMPS and DOC standards, when the sampling
clock frequency is 400kHz, the low pass filter cutoff frequency is 13kHz (Typ.). Similarly, with TACS standards,
when the sampling clock frequency is 320kHz, the low pass filter cutoff frequency is 10.4kHz (Typ.). The filter
output is shaped to the CMOS logic level by means of a comparator and then sent out to CXD1270Q/R.

2. Filtering of received SAT

In the cellular mobile telephone system, even during speech, a sine wave signal called SAT (Supervisory Audio
Tone) is transmitted between land and mobile stations to have them recognize each other. SATs of three
frequencies, 5.97kHz, 6.00kHz and 6.03kHz, are available for, both AMPS, TACS and DOC. The SAT frequency
to be used is determined at the hand-off time by 2 bits data called SCC (SAT Collar Code) which is transmitted
from the land station to the mobile station. During speech, the mobile station recognizes the land station by
receiving SAT from the land station, and the land station recognizes the mobile station by receiving SAT from the
mobile station.

Similarly to the WIDE BAND DATA, SAT received from the land station is fed through the gain control amplifier
and prefilter. Then SAT is fed to the 6kHz 8 pole Butterworth band pass filter to prevent interference from the
voice component (300Hz to 3kHz), and then to the 6kHz 8 pole Butterworth band pass filter to reduce the high
band noise (6kHz to 13kHz) in the event of a weak electric field strength. SAT can be efficiently detected by
adopting switched capacitor filter. The output of the 6kHz band pass filter is shaped to the CMOS logic level with a
comparator, and is then sent out to CXD1270Q/R.

3. PLL lock detection of received SAT

In CXD1270Q/R, DPLL locks when the SAT having the frequency specified with SCC is received. CXD1237Q/R
has a comparator to detect this lock/unlock state. The comparator output changes from “low” level to “high” level
when the level of the SAT lock detect signal (SDET) from CXD1270Q/R exceeds the reference voltage (0.75Vop).
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4. Summing of WIDE BAND DATA, ST and SAT to be transmitted

In the cellular mobile telephone system, WIDE BAND DATA or ST and SAT are transmitted from the mobile
station to the land station. ST is a signal transmitted at the end of the call or ringing. The frequency is 10kHz for
AMPS and DOC standards and 8kHz for TACS standards. From CXD1270Q/R to CXD1237Q/R, the WIDE BAND
DATA, ST and the SAT are fed through an attenuation pad.

CXD1237Q/R has an inverting amplifier which operates as a summing amplifier to sum these signals before
transmission. In the transmission filter of the next stage summing amplifier during WIDE BAND DATA
transmission, a 4 pole Butterworth low pass filter with a cutoff frequency of 19.2kHz for AMPS and DOC standards
and 15.2kHz for TACS standards, is selected. During ST transmission a 4 pole Butterworth low pass filter with a
cutoff frequency of 9.4kHz for AMPS and DOC standards and 7.5kHz for TACS standards, is selected.

To compensate for the amplitude characteristics difference between the 19.2kHz, 15.2kHz and 9.4kHz, 7.5kHz
low pass filters at the ST frequency (10kHz), the summing amplifier gain can be selected in two ways. When ST is
transmitted, + severdl dB gain can be obtained by setting the gain control input (GAIN) to “low” level, and — several
dB gain by setting GAIN to “high” level. Adjust external resistor to obtain suitable gain.

5. Filtering of WIDE BAND DATA, ST and SAT to be transmitted

In the next stage of the summing amplifier, a low pass filter is provided to remove high-order harmonics from the
summing amplifier output. The AMPS and DOC standards require a “20kHz *+10% 4 pole Butterworth low pass
fiter” as the transmission WIDE BAND DATA roll-off filter. In CXD1237Q/R, the filter used in the next stage of the
summing amplifier is an 19.2kHz 4 pole Butterworth low pass filter, and this filter also satisfies the condition of
38dB or more attenuation at 60kHz specified by AMPS. When ST and SAT are transmitted, the cutoff frequency of
this transmitting filter must be lowered from 19.2kHz because the frequencies of ST and SAT are 10kHz and
6kHz, respectively. CXD1237Q/R making the best of the switched capacitor filter merits, provides a cutoff
frequency of 19.2kHz (Typ.) when the sampling frequency is 400kHz, and 9.4kHz (Typ.) when the sampling
frequency is 200kHz.

Similarly, for the TACS standards, a cutoff frequency of 15.2kHz (Typ.) when the sampling frequency is 320kHz,
and 7.5kHz (Typ.) when the sampling frequency is 160kHz, are provided to cope with the transmission speed
difference.

6. Filtering of received voice

To satisfy various standards 3 types of Butterworth filters are included.

At the input stage a gain control amplifier is available with a prefilter to eliminate folded distortion. At the output
stage a post filter is equipped to eliminate carriers.

RDOUT output is input to the gain control amplifier. After passing through the prefilter, deemphasis is performed
at 1 pole Butterworth low pass filter. Then band limitation is executed at 5 pole Butterworth high pass filter and 5
pole Butterworth low pass filter to pass through the post filter for output.

At RAM muting control and at BYPS expander bypass control are executed.

7. Filtering of transmitted voice

In the transmission system, after passing through the gain control amplifier and the prefilter, band limitation
occurs at the 4 pole Butterworth high pass filter and the 4 pole Butterworth low pass filter. After going through the
post filter prefilter, emphasis is executed at 1 pole Butterworth high pass filter, to pass through the post filter for
output.

After what this output is passed through the gain control amplifier and input to the limiter to be clipped at
1.7V £ 0.3V (Typ. when Vop=5V). It is then passed through a steep 8 pole Butterworth low pass filter as splutter
filter to be output after going through the post filter.

Muting control is executed at TAM and the compander bypass control, at BYPS.

Normally SPLT is at “L”. However, by turning is to “H” the splutter filter own characteristics can be observed
without passing through the limiter.
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8. Volume control
As the volume control for voice, ringing and others, 2 systems of electrical volumes are featured (3dB step,
8 stages). Control for both volumes is commonly executed through 3 bits C0, C1 and C2.

c2 C1 Cco Gain (dB)

L L L 0

L L H -3

L H L -6

L H H -9

H L L -12

H L H -15

H H L -18

H H H -21

9. Others

One summing amplifier is available for each of the receiving and transmission systems respectively.

The summing amplifier for the receiving system can be used to sum up LT and HT of DTMF while that of the
transmission system can be used to add data and voice.
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SONY CXD1237Q/R

Connecting Example of CXD1237Q/R and CXD1270Q/R (CXD1237: Pin No. of QFP)

cpu
L
—W—] (7) T sat out
RX L| 3
L —w—] (8) Tx paTA OUT
A\ 32) SAT DET 8
L Wy g
* 5
—\W—j (a2)Low ToNE ouT 2
. o
@
g (a9)HiGH TONE OUT -
m
Q DTMF b
5 ouT > I
g 18) CLK OUT (4°°’ 2°°) Q
3] 3207160 =
I —(5) Tsum out c
< 16)CLK OUT (400) =
- =3
o
17)CLK OUT (400/320) s
Z
o

33)RX SAT IN

27)RX DATA IN

X CPU
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Notes on Operation

1. Gain adjustment of the summing amplifier for transmission data

fl\ TDIN
1

TDAMP1

A

R2
Transmission SAT O—H—-W\f—

AAA
\ {

R4
Transmission DATA, ST o————”—-’W\,—

Note) Pin No. for QFP package

Aftenuation adjustment of transmission SAT is executed at R2 and R1 in the above circuit and that for
transmission DATA, ST at R4, R3 and R1. Attenuation at —20dB is recommended.

Moreover, to correct the transmission output level difference between DATA and ST, adjustment is effected at
R3.

During ST transmission GAIN is set to “L” and gain raised. During DATA transmission GAIN is set to “H” and
gain lowered for use.

2. Selection of AMPS, TACS and DOC
Selection of the various standards is effected by varying the input frequency to CLK1 and CLK3 as indicated
below.

Standard CLK1 CLK3
400kHz (DATA)
AMPS,DOC | 400kHz | 500kt (ORTH)
TACS 300kHz | 320KHZ (DATA)

160kHz (ST, SAT) CLK2 is fixed to 400kHz.

3. Standby control
CXD1237Q/R features 3 independent standby control pins XSTB, XVST1 and XVST2 that control the 3 blocks
as indicated below. ‘

Pin Control block H L
All blocks except : Only the block up to RDAMP-RXD and RVref
XSTB Volume 1 and 2 Active generating circuit active
XVST1 Volume 1 Active Standby
XVST2 Volume 2 Active Standby
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4. Output voltage range and supply current adjustment

In CXD1237Q/R, output level range and supply current vary according to the bias resistor connected between
BIAS and RVoo.

Details indicated in the Electrical Characteristics are values when the bias resistor=500kQ and the output load
is at 10kQ .

The bias current of the internal operational amplifier is determined through the bias resistor. Reducing this bias
resistor will enlarge the output level range and supply current while inversely, enlarging it will reduce the output
range and supply current.

That is through the adjustment of the bias resistor the desired output voltage range and supply current can be
obtained.

For reference, the relation between the bias resistor and output level range, supply current is shown below.

Blas resistor vs. Output voltage range Bias reslistor vs. Supply current
5 5
\‘
loo \\

; \ -
g ! < E 1
2 C - IsTB1
© c
= AN g
Q =t
2 N 3
2 o5 N g os
g N g
a w
5
[¢]

0.1 0.1

100K 500K 100K 500K
Bias resistor (Q) Bias resistor (Q)
5. Others

1) Note that there is a 2-pin difference between QFP and VQFP packages.
2) Pins with pull down resistances (6 pins)
SPLT, XVST1, XVST2, C0, C1, C2
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Filter Characteristics
RX volce fliter amplitude characteristics (Vpp=5V, Ta=25C)

/ \\
5 N
o / N

Y

Response (dB)

-15 /
-20

01K 1K 10K
f—Frequency (Hz)

TX voice filter (Splutter Is included) amplitude characteristics (Vbp=5V, Ta=25C)

-\

Response (dB)
|
I

01K 1K 10K

f—Frequency (Hz)

Splutter fliter amplitude characteristics (Voo=5V, Ta=25°C)

; | [ 1]

Cut off frequency : 3.2kHz (Typ.) \

-15

Response (dB)

0.1K 1K 10K
f—Frequency (Hz)
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LPF amplitude characteristics for RX WIDE BAND DATA (Vbp=5V, Ta=25C)

Cut off frequency : 13kHz (AMPS, DOC) \ \

=10 ——(Typ.) 10.4kHz (TACS) \ \ & AMPS, DOC
-15

Resoonse (dB)

1K 10K 100K
f—Frequency (Hz)

BPF amplitude characteristics for RX SAT (Vpp=5V, Ta=25°C)

/ N Center frequency : 6kHz (Typ.)
-10

N
/

s A \
-30 / \
_ss / \

1K 10K 100K
f—Frequency (Hz)

Response (dB)

LPF amplitude characteristics for TX WIDE BAND DATA, ST, SAT (Vpp=5V, Ta=25C)

o
S
B \\\ \\ 4 AMPS, DOC}WIDE BAND |
) Cut off frequency (Typ.) : N \ >‘TACS DATA
T -0} N
o WIDE BAND { 19.2kHz (AMPS, DOC) \
2 15 DATA | 15.2kHz (TACS) N
a 9.4kHz (AMPS, DOC) \ \
& #r st SAT{ 7.5kHz (TACS) \ \ \\\
-25 i Tl N
-30 ST SAT{ AMPS, DOCX' N\ N
' TACS \/' \ \
_35 1 1 1 1 1 1 L
1K 10K 100K

f—Frequency (Hz)
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Package Outline Unit: mm

CXD1237Q
64pin QFP (Plastic) 1.5g¢g
i 239
200%81 015 83s
51 33 4l 015
ARAARARRAARARAAAARARAR i
52 32
o =~
(=== mem}
(=== =]
= = 33 o
= O O |=ye 3
oy === RIS
oy ==}
(== =]
542 o ;20
JELELEEEELEL LB :
10 04813 275838 e
@01z 10 °
SONY NAME| GFP-64P-L01
E1AU_NAME|[$QFP064-P-1420-A
JEDEC CODE
CXD1237R
64pin VGFP (Plastic) 0.3g
0120%02
9|
A
"n)
sagasggoago [ =
o 127%883
+
15- 0] 0.10 ]
01
;' SONY NAME] VGFP-64P-10
1 [EIAJ NAME|sQFP064-P-1010-A
% [vEpec cooe
O|

0°-10°
~=

Detailed diagram of A

Note) Dimensions marked with %
do_not _include resin residue.
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SONY. CXD1231Q-Z

Cellular Radio Telephone DATA SAT LSI

Description Package Outline Unit : mm
CXD1231Q-Z is a DATA SAT modulation/ ] ]
demodulation IC developed for cellular radio 48 Pin QFP (Plastic)
telephone. 0133
01208 ’

Usage in conjunction with filter IC CXD1230M
provides a modem.

Features 3

e Conforms with North American AMPS standards
and British TACS standards.

¢ Uses the manchester code decoder with low error
rate.

¢ SAT detection circuit produces few errors even Tm
|

3

AARRAARARRAE

CEREREELLEL

with weak electric field.
¢ Low power consumption.

12
|

~a;5h 3

08 03 G w)

22t818 |

Functions
« Decoding of received data. QFP-48P-LO4
e Detection of received SAT.
« SAT output with same frequency and phase as

received SAT.
o Transmitted DATA, ST encode.
Structure

Silicon gate CMOS IC
Absolute Maximum Ratings
e Supply voltage Voo -03to +7.0 \%
« Input voltage Vin —-0.3 to Vop+0.3 \%
« Output voltage Vout —0.3 to Vob+0.3 \
o Operating temperature Topr —34 to +75 °c
« Storage temperature Tstg —-b5 to +150 °C
Recommended Operatin§ Conditions
¢ Supply voltage Vob 475 to 5.25
» Operating temperature Topr —34 to +75 °C

71228A-ST
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Block Diagram

TLPC FCK4  FCK2  TCK TDSC
(1) (2
O, C
xxTL (20
XTLO (21
4.8MHz CLOCK FREQUENCY | TX.DATA.ST
xTL (22 DEMULTIPUER  ["ioKnz ENCODER
T0s (28 |
XT0S (27 DIGITAL
XTST (44 PLL
TPt (11 [
2 RX.DATA
P3(8 DECODER
TP4 (35,
TPs (32
RMD (25
TsAT (34 TX.SAT SAT ——@e SDET
PHASE CONTROLLER DETECTOR
XTSA (33
RSAT (29 [ [

37 ) 38039 )40 {41 <42
SPAQ SPA1 SPA2 SPA3 SPA4 SPAS

Pin Configuration (Top View)

aD-ae)—(6 )32

SCCO SCCHt Vss Voo

/ﬁnnﬂnnnnnnnﬁ

o
b}

qaaanaanoann

’3
@

o

“TUTTITOTTOT]

— 148 —



SONY:

CXD1231Q-2

Pin Description

No. Symbol /0 Description

1 NC —_—

2 TCK 0 Clock output of transmitted DATA, ST, 10kHz at AMPS
mode and 8kHz at TACS mode.

3 AMPS | #}\\AgSS/m'I'OAa(;Sa?cCiie select input, AMPS mode at Open and

4 TND | Transmitted NRZ » DATA input.

5 TP2 | Test input. Normally fixed at low level.

6 Vss — GND

7 KADJ | PLL lock range selecjc input for received manchester Data
decoder, £78Hz at high level and £19.5Hz at low level.

8 TP3 (0] Test output.

9 RND 0] Received NRZ DATA output.

10 XRND o] RND (pin 9) inverting output.

1 TP1 0] Test output.

12 RCK 0 Clock output (10kHz) extracted from received DATA, 10kHz
at AMPS mode and 8kHz at TACS mode.

13 —_—

14 —_

15 FCK3 *1 0 Clock output of switched capacitor filter,
400kHz at AMPS mode and 320kHz at TACS mode.

16 TDSC | ON/QOFF control input of received manchester DATA, ST.

17 TLPC2 *? | Frequency select input 2 of FCK2 (pin 23).

18 TLPC1 *4 | Frequency select input 1 of FCK2 (pin 23).

19 Vb e +5V

20 XXTL 0 4.8MHz inverting output of XTLO (pin 21).

21 XTLO | 4.8MHz output of crystal oscillator.

22 XTL | g;:f::;ocsﬁicl:fi?r input or 4.8MHz clock input from the

23 FCK2 *2 0 Clock output of switched capacitor filter.

24 FCK4 0 400kHz clock output of switched capacitor filter.

25 RMD | Received manchester DATA input.

26 TP6 0 Test output.

27 XTDS 0 TDS (pin 28) inverting output.

28 TDS 0 Transmitted manchester Data, ST output.

29 RSAT I Received SAT input.

30 ENBL | High impedance control inpu‘t of‘ TDS (pin 28) and XTDS
(pin 27). Output at Open, High impedance at low level.

31 Vss —_— GND

32 TP5 0 Test output.
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No. Symbol /0 Description
33 XTSA 0 TSAT (pin 34) inverting output.
34 TSAT 0 Transmitted SAT output.
35 TP4 0 Test output
36 SDET 0 SAT detection output.
37 SPAO | Transmitted SAT phase compensation input 0.(LSB).
38 SPA1 | Transmitted SAT phase compensation input 1.
39 SPA2 | Transmitted SAT phase compensation input 2.
40 SPA3 | Transmitted SAT phase compensation input 3.
41 SPA4 | Transmitted SAT phase compensation input 4.
42 SPA5 | Transmitted SAT phase compensation input 5.(MSB).
43 Voo —_— +5V
44 XTST Test input, normally fixed at high level.
45 NC e
46 NC —_
47 SCCO | SAT color code lower bit input.
48 SCC1 | SAT color code upper bit input,
*1 320kHz Clock Duty

+——— 1667 u s

1458 u s ———»

- 3125us
*2 FCK2 Chart
AMPS Open (“H") “L
TLPC2 Don’t care Open “rr
TLPC1 “H” “Lr “H” “rr “H” “rr
FCK2 400kHz 200kHz 400kHz 200kHz 320kHz 160kHz
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Electrical Characteristics

DC characteristics Vop=5V+£5%, Vss=0V
Topr=—34 to +75°C
Item Symbol Condition Min. | Typ. | Max. | Unit
loo Qutput no load 5 mA
Supply current =
ey loos |Static state "=V | o 0.1 | mA
ViL=Vss
H level VoH lon =—0.4mA 4.0 Voo | V
Output voltage ;
L level VoL loL =2mA Vss 0.4 \
H level ViH 2.4 \%
Input voltage
L level Vie 0.8 \%
Input leak current Iu -10 10 uA
1/0 capacitance
Item Symbol Min. Typ. Max. Unit
Input pin Cin 8 pF
Output pin Cour 8 pF

Test conditions : Voo=Vi=0V, fu=1MHz

Functions
CXD1231Q-Z is a DATA and SAT LSI| designed for the US cellular radio telephone system.
Combined with the switched capacitor filter CXD1230M it conforms with North American AMPS
(Advanced Mobile Phone Service) and British TACS (Total Access Communication System)
standards. )
It features the following functions.
1) Decoding of the received DATA.
2) Detection of the received SAT.
3) SAT transmission in the same frequency and phase as for received.
4) Encoding of the transmitting DATA and ST.
The following is description of each function.

Decoding of the received DATA

With the cellular radio telephone system, DATA for selecting a channel is exchanged between
land and mobile stations during cell movement after circuit connection. This DATA is called WIDE
BAND DATA coded in the Manchester code. Transfer speed is 20kbaud for AMPS standards and
16kbaud for TACS standards. The following diagram shows the logical values “1” and “0”
of the Manchester code.

Logical value “1” Logical value “0”

L'SOps -—L— 50us —J L—SOus ——L— 50us ——l

(AMPS) (AMPS)
62.5us 62.5ys 62.5us 62.5us
(TACS) (TACS)

Fig. 1 Manchester code
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To decode DATA input in this Manchester code, clock components are extracted by DPLL and
the second half values of each bit are picked up using the clock. The decoded DATA is output
as NRZ data from the output RND (Pin 9) and XRND (Pin 10) and its bit-clock is output from
the output RCK (Pin 12).

Timing of RCK with RND or XRND is shown in Fig. 2.

RND or XRND X X X

L | | S |
RCK le— 1004 camps) —

125us (TACS)
Fig. 2 Timing of RCK with RND or XRND

Detection of the received SAT

With the cellular radio telephone system, sinusoidal wave signals called SAT (Supervisory Audio
Tone) are exchanged between land and mobile stations after radio link with either AMPS or
TACS standards. SAT has three waves, 5.97kHz, 6.00kHz and 6.03kHz; frequency is selected
from those during cell movement. The selected one is notified in SAT color code to the mobile
station by land station. During circuit connection, land and mobile stations confirm each other
through reception of the designated SAT frequency.

When SAT signal with the frequency designated in SAT color code is detected, SDET (Pin 36)
becomes “H”".
SAT transmission with the same frequency and phase as for received

The land station confirms a mobile station through receiving SAT signal in the same frequency
and phase as it has transmitted. The mobile station is required to transmit SAT signal in the
same frequency and phase as received. For this purpose, the mobile station transmits the signal
by phase-correcting DPLL output locked in the received SAT. Connecting the amount of phase
depends on the transmitting circuit delay ; this is correctly executed by varying 64 stages in
3.6° steps (0° to 226.8° ) and then further shifting the phase by 180° and selecting the
output TSAT pin (Pin 34) and XTSA (inversion output of TSAT, Pin 33). Thus the phase can
be compensated from 0° to 360° in 3.6° steps.

Table 1 shows the compensated value of the phase assuming that the TSAT output for (SPAB,
SPA4, SPA3, SPA2, SPA1, SPA0) = (0,0, 0, 0,0, 0) is standard.

Table 1
. Phase delay
SPA5 SPA4 SPA3 SPA2 SPA1 SPAO

TSAT XTSA

0 0 0 0 0 0 0° 180°
0 0 0 0 0 1 3.6° 183.6°
0 0 0 0 1 0 7.2° 187.2°
1 1 0 0 0 0 172.8° | 352.8°
1 1 0 0 0 1 176.4° | 356.4°

Phase delay at pins TSAT and XTSA assuming that TSAT output for (SPAB, SPA4, SPA3, SPA2,
SPA1, SPA0) = (0,0,0,0, 0, 0) is standard.
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Encoding of the transmitting DATA and ST

ST is a signal transmitted when conversation ends or when the bell is rang. The frequency
is 10kHz for AMPS and 8kHz for TACS standards. It is output from TDS (Pin 28) and XTDS
(Pin 27) with the DATA and ST (NRZ) input to TND (Pin 4), In synchronization with the clock
output from TCK (Pin 2), and encoded in the Manchester code. However, it does not transmit
the encoded data when the control input TDSC (Pin 16) is at “L” but fixes TDS to “H”
and XTDS to “L”".
Timing of TCK and TND is shown in Fig. 3.

TCK

™o X X X
l‘ 100ps |
(AMps) 12808
(TACS)

Fig. 3 Timing of TCK and TND

— 153 -



—¥SI —

Application GCircuit

Voo #COM
INTERFACE

T\

10
N’
TP2 XTST TLPC2 AMPS LCK O
TLPCH GAIN
LCK 1
TXS
u~COM
INTERFACE CXD1231Q-2Z CXD1230M

VOICE etc.

{7
N

our Q T
. i

VOICE,DTMF etc.

PRESET

ANOS

Z-01€21axd




SONY. CXD1270Q/R

Modem LSI with built-in DTMF for Cellular Use

Description
The CXD1270Q/R, is a cellular radio telephone IC, CXD1270Q CXD1270R
combines cellular radio telephone DATA SAT LSI 48 pin QFP (Plastic) 48 pin VQFP (Plastic)

CXD1231Q with DTMF signal generating circuit.

Features

e Conforms with North American AMPS standards and
British TACS standards

® SAT detection circuit produces few errors even with
weak electric field

e DTMF signal output by pulse density modulation

Applications Structure
AMPS/TACS cellular Silicon gate CMOS IC

Absolute Maximum Ratings (Ta=25°C)

e Supply voltage Voo -03to+7.0 \'%

e Input voltage Vi -03toVoo+03 V

o Output voltage Vo -03toVop+03 V

e Operating temperature Topr -34to +75 C

o Storage temperature ~ Tstg -55to +150 c

Recommended Operating Conditions

® Supply voltage Vob 45t05.5 \"

o Operating temperature Topr -341t0 +75 C

Block Diagram TLP2 TLPI CLK1 CLK2 CLK3  TcK TDSC

15 14 17, 16, 18, 10/ 1"
400KHz
or
320KH2
or
4.8MHz 4007|320/

XTLO@2 400KHz
200KHz|160KHz
CLOCK FREQUENCY TX.DATA.ST
xTLRl DEMULTIPLIER | TOKHz7BKHZ ENCODER
Tos (8
xTos (@ DIGITAL
PLL
[ ]
RX DATA
RMD (27 DECODER
LAT @3 y -
s5@) vy [ET)
[_h—[ 1 2MH2
CLK 4 (20) 174 Low Tone High Tone

DTMF

DTMF
XRST (36) ! 7

7T

=i

TX.SAT
PHASE CONTROLLER

SAT
DETECTOR

SPAO SPA! SPA2 SPA3 SPA4 SPAS D0-D3 scco scct Vss Voo

EQ0783 - ST
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Pin Configuration

36 25
3 )24
—
—
—
=
(TOP VIEW) =
3
=
—
—
—
48 o 13
1 12
Pin Description
Pin No. | Symbol lle} Description
1 SPA2 | TX SAT phase compensation input 2
2 SPA3 | TX SAT phase compensation input 3
3 SPA4 | TX SAT phase compensation input 4
4 SPA5 | TX SAT phase compensation input 5 (MSB)
5 XTSA (0] TSAT (Pin 7) inverting output
6 Vss —— | GND
7 TSAT (0] TX SAT output
8 TDS (0] TX manchester DATA and ST output
9 XTDS (o) TDS (Pin 8) inverting output
10 TCK (0] TX DATA and ST CLK output
1 TDSC | ON/OFF control input of RX manchester DATA and ST
12 TND | TX NRZ and DATA input
13 ENBL 1 High impedance control input of TDS (Pin 8) and XTDS (Pin 9)
14 TLP1 | Frequency select 1 of CLK3 (Pin 18)
15 TLP2 | Frequency select 2 of CLK3 (Pin 18)
16 CLK2 o CLK output for SCF (400kHz)
17 CLK1 (0] CLK output for SCF (AMPS; 400kHz, TACS; 320kHz)
18 CLK3 (o) CLK output for SCF
19 Voo — | 45V
20 CLK4 (0] 1/4 frequency division output of crystal oscillator (1.2MHz)
21 XTL | Crystal oscillator input (4.8MHz)
22 XTLO (0] Crystal oscillator output
23 XTST | .
Test input (Normally fixed at low level)
24 TP2 |
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Pin No. { Symbol 110 Description
25 AMPS ! &%PF’SS/T:&Se r:to g:esne?:é I'?Rgs mode at low level)
26 KADJ | PLL lock range select input for RX manchester DATA decoder
27 RMD | RX manchester DATA input
28 RCK (0] CLK output extracted from RX DATA
29 XRND o RND (Pin 30) inverting output
30 RND 0 RX NRZ DATA output
31 Vss —— | GND
32 SDET (o) SAT detection output
33 RSAT | RX SAT input
34 SCCo l SAT collar code lower bit input
35 SCC1 | SAT collar code upper bit input
36 XRST | Reset input (Active at low level)
37 Do /O DTMF frequency set up bit input 0 (LSB) (Normally input mode)
38 D1 /0 DTMF frequency set up bit input 1 (Normally input mode)
39 D2 110 DTMF frequency set up bit input 2 (Normally input mode)
40 D3 11O DTMF frequency set up bitinput 3 (MSB) (Normally input mode)
41 SS 110 DTMF Start/Stop select input (Start at high level) (Normally input mode)
42 LT (0] DTMF low tone output
43 Voo — | 45V
44 HT (0] DTMF high tone output
45 LAT | DTMF set up LATCH input
46 TPO | Test input (Normally fixed at high level)
47 SPAO | TX SAT phase compensation input 0 (LSB)
48 SPA1 | TX SAT phase compensation input 1

320kHz Clock Duty

[e——— 16.67 usec ——————»re——— 14.58 nsec ————

31.25 psec
CLK3 Chart
AMPS Open (“H") “
TLP2 Don't care “Lr
TLP1 o “q “r “r
CLK3 400kHz 200kHz 320kHz 160kHz
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Electrical Characteristics

1) DC characteristics (Vop=5V + 10%, Vss=0V, Topr=—34 to +75°C)
Item Symbol Condition Min. Typ. Max. Unit
Ioo At operation 5 mA
Supply current | At stand still 0.1 A
pos ViH=VDD, ViL=Vss : m
' VoH loH=—2mA Voo-0.5 \")
Output voltage
VoL loL=4mA 0.4 \"
Input leak current 1 I Normal pin -10 10 uA
Input leak current 2 luz Bidirectional pin (During input) -40 40 MA
ViHe . 0.7Voo v
CMOS input
Vie 0.3Vop v
ViHT . 22 \
TTL input
Input voltage Vit 0.8 \"
Vr+ 0.8Vop \"
V1- Schmitt trigger input 0.2Voo \%
Vr+-V1- 0.7 0.9 \Y

2) 1/0O level of each pin

1/0 level Pin name
CMOS level SPAO to SPA5, TDSC, TND, TLP1, TLP2, XTST, TP2, AMPS, KADJ,
RMD, RSAT, SCC0, SCCH1, D0 to D3, SS, LAT, TP0
Inputlevel "+ jovel ENBL
Schmitt trigger XRST
CMOS level XTSA, TSAT, TDS, XTDS, TCK, CLK1 to CLK4, RCK, XRND, RND,
Output level SDET
Tri-state LT, HT
3) Oscillation cell electrical characteristics (Vop=5V * 10%, Vss=0V, Topr=—34 to +75°C)
Item Symbol Condition Min. Typ. Max. Unit
Logical threshold LVth Voo/2 \
ViH 0.7Vop v
Input voltage
Vi 0.3Vop v
Incorporated feedback resistance Rrs ViH=Vss or Vob 500K M 5M Q
V loH=—1mA V \"
Output voltage o o bor2
VoL lot=1mA Vop/2 \
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4) 1/0 capacitance

6) AC characteristics

(Vop=Vi=0V, fm=1MHz)
Item Symbol Min. Typ. Max. Unit
Input pin CiN 9 pF
Output pin Cour 11 pF
1/O pin Cio 11 pF
5) Pull up/down processing pin
Processing Pin name
Pull up SPAO to SPAS5, ENBL, TLP2, AMPS
Pulldown | TND

(Voo=5V * 10%, Vss=0V, Topr=—34to +75°C)
Item Symbol Condition Min. Typ. Max. Unit
Set up time for
DO to D3 LAT 30 ns
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Functions
CXD1270Q/R is a DATA and SAT LSI designed for the cellular radio telephone system. Combined with the
switched capacitor filter CXD1230M or CXD1237Q/R it conforms with North American AMPS (Advanced Mobile
Phone Service) and British TACS (Total Access Communication System) standards.
It features the following functions.
1) Decoding of the received DATA.
2) Detection of the received SAT.
3) SAT transmission in the same frequency and phase as for received SAT.
4) Encoding of the transmitting DATA and ST.
The following is description of each function.

Decoding of the received DATA

With the cellular radio telephone system, DATA for selecting a channel is exchanged between land and mobile
stations during cell movement after circuit connection. This DATA is called WIDE BAND DATA coded in the
Manchester code. Transfer speed is 20kbaud for AMPS standards and 16kbaud for TACS standards. The
following diagram shows the logical values “1” and “0” of the Manchester code.

Logical value “1” Logical value “0”
A L
50 us (AMPS) 50 us 50 us (AMPS) 50 ps
625 us (TACS) 625 us 625 us (TACS) 625us

Flg. 1. Manchester code

To decode DATA input in this Manchester code, clock components are extracted by DPLL and the second half
values of each bit are picked up using the clock. The decoded DATA is output as NRZ data from the output RND
(Pin 30) and XRND (Pin 29) and its bit-clock is output from the output RCK (Pin 28).

Timing of RCK with RND or XRND is shown in Fig. 2.

RND or XRND X X X X

RCK (N N I I S
T

100 us (AMPS)
125 us (TACS)

Fig. 2. Timing of RCK with RND or XRND
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Detection of the received SAT

With the cellular radio telephone system, sine wave signals called SAT (Supervisory Audio Tone) are
exchanged between land and mobile stations after radio link with either AMPS or TACS standards. SAT has three
waves, 5.97kHz, 6.00kHz and 6.03kHz; frequency is selected from those during cell movement. The selected one
is notified in SAT collar code to the mobile station by land station. During circuit connection, land and mobile
stations confirm each other through reception of the designated SAT frequency.

When SAT signal with the frequency designated in SAT collar code is detected, SDET (Pin 32) becomes “H".

SAT transmission In the same frequency and phase as for received SAT

The land station confirms a mobile station through receiving SAT signal in the same frequency and phase as it
has transmitted. The mobile station is required to transmit SAT signal in the same frequency and phase as
received. For this purpose, the mobile station transmits the signal by phase-correcting DPLL output locked in the
received SAT. Connecting the amount of phase depends on the transmitting circuit delay; this is correctly
executed by varying 64 stages in 3.6 ° steps (0 ° to 226.8 ° ) and then further shifting the phase by 180 ° by
means of selecting the output TSAT pin (Pin 7) and XTSA (inverting output of TSAT, Pin 5). Thus the phase can
be compensated from 0° to 360° in 3.6° steps.

Table below shows the compensated value of the phase assuming that the TSAT output for (SPA5, SPA4, SPA3,
SPA2, SPA1, SPA0) = (0, 0, 0, 0, 0, 0) is standard.

Phase delay
SPA5 SPA4 SPA3 SPA2 SPA1 SPAO

TSAT XTSA
0 0 0 0 0 0 0’ 180°
0 0 0 0 0 1 36° 183.6°
0 0 0 0 1 0 72° 187.2°
1 1 0 0 0 0 172.8° 352.8°
1 1 0 0 0 1 176.4° 356.4°

Table 1. Phase delay at pins TSAT and XTSA assuming that TSAT output for
(SPAS5, SPA4, SPA3, SPA2, SPA1, SPA0) = (0, 0, 0, 0, 0, 0) is standard.

Encoding of the transmitting DATA and ST

ST (Signaling Tone) is a signal transmitted when conversation ends or when the bell is rang. The frequency is
10kHz for AMPS and 8kHz for TACS standards. It is output from TDS (Pin 8) and XTDS (Pin 9) with the DATA
and ST (NRZ) input to TND (Pin 12), in synchronization with the clock output from TCK (Pin 10), and encoded in
the Manchester code. However, it does not transmit the encoded data when the control input TDSC (Pin 11) is at
“L” but fixes TDS to “H” and XTDS to “L".
Timing of TCK and TND is shown in Fig. 3.

TCK | I I I I

™o X X X
—

100 us (AMPS)
125 us (TACS)

Fig. 3. Timing of TCK and TND
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DTMF Block

(1) Setting of frequency (frequency division ratio)
Low Tone (Hz) | Frequency division ratio N | Realized frequencyf(Hz) | D3 | D2 | D1 | DO

697 143 699.3 0 0 0 0
770 130 769.2 0 0 0 1
852 117 8547 0 0 1 0
941 106 9433 0 0 1 1
2K 50 2000 0 1 0 0

High Tone (Hz) | Frequency division ratio N | Realized frequency f(Hz) | D3 | D2 | D1 | DO

1209 83 1204.8 1 0 0 0
1336 75 13333 1 0 0 1
1477 68 14708 1 0 1 0
1633 61 1639.3 1 0 1 1

2K 50 2000 1 1 0 0

Note) Besides the frequency for LT and HT, employed for the usual push button, a 2kHz frequency can be
output at both LT and HT.

(2) Setting of LT, HT Start/Stop
Start/Stop for both LT and HT is controlled through SS input signal.

SS LAT
LT, HT Start 1 5
LT, HT Stop 0 5
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(3) LT, HT output
LT and HT outputs are output by pulse density modulation system. This system means frequency, obtained at
frequency division ratio N determined by DO to D3, divided 1/12 frequency division sine wave counter, and
outputs pulse waveform varied with density suitable for each count value. These outputs, tri-state output
system, is controlled through start/stop signal.

(4) Timing chart

—-| }<—Mm.30ns
XRST

S G D G G—
e XX DD G Ga—
o (X X

(LT) X z X (LT) output X z
(HT) X z X (HT) output Y

Note) LT, HT distinction is controlled through D3.
D3= “High” ...HT, D3= “Low” ...LT
After resetting, at the point where the first SS= “High” is read at LAT rising edge, LT (HT) output starts. At
the same time data of DO to D3 is loaded in and the frequency division ratio is set.
Also, SS= “Low” is read and LT (HT) is stopped. In such case, for D3 only it is necessary to set “Low” and
“High” for the respective distinction of LT and HT. However DO to D2 is ignored.
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16)CLK2 (400)

17)CLK1(400/ 320}

CXD1270Q/R
AC Characteristics Timing Diagram
LAT
DO to D3 X
_.Ets"_ ts < 30ns
CXD1270Q/R and CXD1237Q/R Connecting Example (CXD1237: QFP Pin No.)
CPU
f—k_‘—\
y
\ O @9
;MN—1 (7) Tsat
RX 40>RD IN ;
- aw—] (s) Tos

g
~

49»20 AMP 8 T AN 32) SDET
[a]
8 ;;——W\-——I @)L
o g
. o
z e ' )
* a)

(5) Tsum out -g o (‘;oz%/,,zgg) 5
g
3
3
(2]

@) xvsT 1

X CcPU
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Package Outline Unit : mm

CXD1270Q 48pin QFP (Plastic) 0.7g

0153%%4

1

+0.;
o120 84 015 0ds

36 25,
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] 015 |

135

LLLELLELLLL .
i

RAARAAARRGH

O
REEEEELLE

ll

+02
0.1-04

£
®

12

0.9*%

+045
0.8 0.3-01

[Pl +o.12 22*%32
- 0.1

SONY NAME| QFP-48P-104
ETAJ NAME |sQFP048-P-1212-8
JEDEC CODE

CXD1270R 48pin VQFP (Plastic) 0.2g

09.0%%2
*07.0%01

hananaaaast

w
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f
(80)

QStaz
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@

o :
DL e

0.5%00¢ 01275883

0.18 %883 15%83% T 510

0. 120.1

r

| SONY NAME| VQFP-48P~-L0
EIAJ NAME [*QFP048-P-0707-A
JEDEC CODE

05*02

0'-1&

Detaled diagram of A Note) Dimensions marked with *

does_not include resin_residue
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Cordless Telephone Modem IC

Description

CXD1233M developed for cordless tele-
phones, provides a modem when used in con- ) .
junction with microcomputor and filter. 28pin SOP(Plastic)

Features

® Uses the low error rate manchester code, de-
coder and encoder.

® Built-in comparator for received manchester
data.

® Compatible with 4 types of data transfer
speeds.

* Wide supply voltage range

* Low power consumption

Application
Cordless telephone
(Low power, Digital direct modulation type)

Structure
Silicon monolithic IC

Absolute Maximum Ratings (Ta=25°C, Vss=0V)

* Supply voltage VDD Vss-0.5to +7.0 \
* |nput voltage Vi Vss-0.5 to VDD +0.5 \%
® Output voltage Vo Vss-0.5 to VDD +0.5 \%
e QOperating temperature Topr -20to +75 °C
e Storage temperature Tstg -55to +150 °C
Recommended Operating Condition

® Supply voltage VDD 3.0 to 5.0 (Typ. 3.6) \

Electrical Characteristics
Vop=23.0 to 5.0V, Vss =0V, Topr=-20to +75°C

Item Symbol Min. Typ. Max. Unit
Supply current (Output pin at no load) IDD 1 mA
Input voltage Vike 0.7Voo \Y
ViLc 0.3VbD
Output voltage IoH=—-1mA VOHI Vbp-0.5 \
loL= 2mA Vol 0.4 \
Input leak current {[%]] -10 10 rA
Output leak current ’ Tristate pin (During Lz -40 40 uA
high impedance)

E89Y08-HP
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Oscillation Cell Electrical Characteristics

Vop=3.0 to 5.0V, Vss=0V, Topr=-20to +75°C

Item Symbol Min. Typ. Max. Unit
Logic threshold value LVth Vob/2 \%
VIH 0.7VoDp \
Input voltage
ViL 0.3VoD \
Feedback resistance| VIN=Vss, or VDD RF8 500K 2.6M 8M Q
loH -0 5mA VOoH Vbbp/2 \
Output voltage
loL 0.5mA VoL VbD/2 \
1/0 Capacitance
Item Symbol Min. Typ. Max. Unit
Input pin CIN 9 pF
Qutput pin Cout 11 pF
Test conditions: VoD =Vi=0V, f=1 MHz
Block Diagram and Pin Configuration
awe (1)
A NN (2)
ams (3)
aout (3)
’RMD ()
ruct (6)
Foct (7)
sct1 (8)
scr2 (9)
TPa (10)
T3 (1)
Tos (12)
xTos (13)
vss (19)
A OUT XTL XTLO TP2 BCT1 BCT2 ENBL OTRQ Vis Voo

1> TeK

COUNTER

CLOCK FREQUENCY
DEMULTIPLIER

rMD (3) .|
RMCT
FoCT g DATA REGISTER
(BIT SYNO)
@ s —_— @ e
Fso (21) CONTROLLER
RCK (22)
RND (23) 8 f16
1 (9 } L]
e —=1 Tx.0aTA
ENCODER @) os
3 (i1) DIGITAL (FRAME SYNC)
PLL
KaD 2 (24) 13) X T0S
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Pin Description

No. Symbol 1/0 Description
1 AINP | Comparator non-inverted input for received manchester data.
2 AINN | Comparator inverted input for received manchester data.
3 ABIS I Comparator bias setting input for received manchester data.
4 AOUT (o] Comparator output for received manchester data.
5 RMD I Received manchester data input.
6 RMCT | Pin for the selection of inverted RMD (Normally fixed at ‘L’ at ‘H’ Data inverted)
7 FDCT | Pin for the selection of frame sync pattern (‘L’ for Hand set, 'H’ for Base set)
8 BCT1 Normally (r,{i): gompat!t;:e witn Iggggps
5 - | Data it rate selection (BCT 1, BCT 2 e ngz::;blz mh 4800608
(H,L): Compatible with 2400bps
10 TP4 (0] Output for test
11 TP3 [e] Output for test
12 TDS (0] Transmitted manchester data output
13 XTDS 0 Inverted TDS (Pin 12)
14 Vss — GND pin
15 DTRQ 0 Data request output for transmission.
16 ENBL | Enable input (ENABLE at ‘L’)
17 TCK | Clock input synchronous with TND (pin 18)
18 TND | NRZ data input for transmission.
19 TP1 | Test input (normally fixed at ‘L’)
20 TP2 | Test input (normally fixed at ‘L’)
21 FSD (0] Frame sync detection output.
22 RCK [e] Clock output extracted from transmitteddata. |
23 RND (0] Transmitted NRZ data output.
24 KAD2 | . . .
25 KAD1 | PLL logic range select input for transmitted manchester data.
26 XTLO 0] Crystal oscillator output (4.608MHz)
27 XTL | Crystal oscillator input or external clock input (4.608MH)
28 VDD — Supply pin
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Operation
Transmitted data decode

With the cordless telephone system data exchanges are done between HS (Hand Set) and BS (Base
Set).

Data format is as follows:

I Bit Sync | Frame Sync | ID + Error Correction Data ] Control Data I
12 bit or more 16 bit 37 bit (1 bit is twice sync signal 1 bit)

Bit sync: Signal that indicates the beginning of data ‘01010101
tion of ‘O’ and ‘1’ data for 12 bit or more.
Frame sync: 16 bit signal that indicates whether the data is from BS to HS or from HS to BS.

..... " that is the repeti-

For HS data (BS—HS) FDCT= “L"’
1100010011010110

For BS data (HS—BS) FDCT=""H"’
1001001100110110

ID + correction compensation data: a 37-bit manchester code.
Control code: The number of bits varies according to the type of equipments. However it should
be a figure divisible by 8 when added to 37-bit. Manchester code.

Bit sync and Frame sync are NRZ data. Then the manchester code data where each bit is inverted
at its middle and the latter half indicates the logic value. This bit’s length is twice that of the bit sync
or frame sync. The manchester code logic value “1’’, “’0’’ is indicated in the Fig. below.

Logic value ‘1’ Logic value ‘0’
1

1

I
!
T
I

— t ——

)

e

|

t the time for one bit of the manchester code changes according to the value of BCT 1 and BCT 2.
t is compatible with the 4 types of transmission speed of data.

Bit rate
Table 1
BCT1 BCT2 Bit rate t
0 1 4800BPS 208.3us
1 0 2400BPS 416.7us
1 1 1200BPS 833.3us
0 0 600BPS 1666.7us
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To decode data input through RMD pin, clock components are extracted at D—PLL and using this
clock the frame sync signal is detected. Moreover the manchester code logic value is extracted. The
frame sync detection signal is output from FSD pin, decoded data is output from RND pin as NRZ.
That bit clock is output from RCK pin.

_____ Frame Sync

|<—0-*—1—*—1———|4_——0j———1—+—0——t——0—-'<—1—>|
RMD l"ﬁ I 1 [ | I

RND ) G ) D SR
RCK 1 | 1 J 1 J L
FSD ] |

Transmission data encode

Data format in Fig. is assembled through ENBL, TCK and TND that have been sent from u-COM,
and output from TDS and XTDS. The speed of output data matches the bit rate shown in table 1.
As ENBL signal is output, the bit sync signal begins to be output from TDS and XTDS. Consequently
the frame sync signal depending on FDCT value, is output.

When FDCT="L"  '1001001100110110" | ol
When FDCT="H"  ‘1100010011010110’ | ' 2Me Syncsigna

Simultaneously as the frame sync begins to be output, ‘H’ is output from DTRQ pin and requests
data to u-COM.

DTRQ becomes a clock pulse and is output. Then every time DTRQ=H is on, from x-COM, NRZ data
is sent to TND and the clock is sent the required number of times, 16-bit at a time. As data comes
in a number of bits multiplied by 8, data transmitted at the end comes in either 16-bit or 8-bit. The
timing of TND and TCK is shown in the Fig. below.

TND ¥ — X X
TcK o T 1_
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Data input at NRZ is encoded to manchester code and output from TDS and XTDS. As data and
clock transmission from p-COM to TND and TCK ends, ENBL should go back to ‘H’ before the next
DTRQ-‘H’ turns on, in terms of time t (Table 1). ENBL =‘H’ state is on, and as manchester code out-
put ends, TDS and XTDS turn to H-Z (High impedance).

ENBL | Ly —T

H-Z IL
TDS ——{ Bit sync ] Frame sync 1 ID + error correction + control code

— iz
DTRQ | ] Ly | ] L
TND [160e]  [tebr] N

TCK ] ] T

16-bit 16-bit At the end 16-bit or 8-bit

11t

L L

S

Transmission data timing

Operation of Built-in AMP

The built-in amplifier in CXD1233M serves to interface between the band limitation LPF (fc:about
3kHz) and the DPLL. It can be used as a comparator to amplify the filter output level (100mVrms) up
to logic amplitude. Here as DC to low pass contained in the filter output, is output by means of a primary
RC filter to become the comparator comparison voltage, as a result. There is not need to rely on the
DC offset of the filter output and drift, since the comparator output duty can be maintained at around
a stable 50%.

When R=22kQ, and C = 1xF, the primary RC filter cut off frequency becomes 7Hz (-3dB).

Electrical Characteristics
Ta=25°C, Voo=3.6V

Item Test conditions Min. Typ. Max. Unit
Offset voltage Input conversion 50 mV
Open loop gain DC gain 20 dB
Input level f=1.2kHz 100 mVrms
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Application Circuit

<z

VOICE or other

CXD1233M

c aout

»-COM
INTERFACE

VOICE or other

S

CXD1233M Reception/Transmission Timing chart

ID+error correction data
0 i

————— ————Frame sync 4‘ -
M L. ] ) ] I
— \ \
f6S 48 92% 9,700 4 T 1o i
Reception
S l | 1 I T 1T L.

1/2t
LA
FSD \
(©)

H Starts data demodulation after
detecting frame sync

1.25t

10001 000100010001

Transmussion / /
DTRQ
(o) [ose | | ] —

EnsL ] . |
e 3/4801t | t X T Ll
i »——Bit sync—~—Frame sync—-t— 1D+error data - "—E'J‘ "' When the end I1s 8-bit w2
.{85’ Wz 1jof1]o]1lo[1}o]1 jo[1}o] o]t 1}o of1lo of1 1jooft 1ot 1io} H H

When the end is 16-bit

TND

(n ILELIR! I After this, input data every 16-bit.
At the end 16-bit or 8-bit.

{% [ 16 et | [16 bet | m

Divide ID+error data into 16-bit and input them from TND as NRZ signal. TCK 1s input clock. inputs the first 16-bit within 8.5t
From the next 16-bit, input within 16t.

Input starts when DTRQ (data request) is high. ™ Bit rate t (us)
—— 1

o : 4800 208.3

- :_t_l_ 2400 416.7

m m 1200 833.3

lgas 35NS 600 1666 . 7
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Package Outline Unit: mm
28pin SOP (Plastic) 375mil 0.7g
188784 23*84s
28 15
ARARAARARARAREA - o] 015 ]
po=R:1 01835
R
O g 3;1
EHHHHHBH BHH%E@M
04504 | |27 02183
[ |
RIRISIN SONY NAME| S0P-28P-L04
EITAJ NAME *SOP028-P-0375-D
J"‘M JEDEC CODE
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3) PLLICs

Type Function Page
3 . 1 chip PLL IC for low power cordless phone in Japan
8%?2225%% || fuax=38INH 177
: CXD1225M/M-1 is CX-7925B’s SOP package version
1 chip PLL IC for low power cordless phone in Japan
CX-7961A/A-1 fyay = 255MHz 188
CXD1118M/M-1 CX-7961A’s SOP package version 199
1.5GHz synthesizer PLL for cellular equipment
CXA1356M/N 16P VSOP package (NEW) 211
1.2GHz dual mudulus prescaler for cellular equipment
CXA1541M I, =35mA MB501 pin compatible Y| 219

v : Under development
(New): New device
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CX-7925B/7925B-1
CXD1225M/1225M-1

Frequency Synthesizer PLL

Description

CX-7925B/CXD1225M are used for the digital
selection of TV broadcasting as well as AM, FM and
various radio waves. These PLL IC's were developed
through high speed N-channel silicon gate MOS tech-
nology.

Features

o The maximum operating frequency is guaranteed
as follows.
CX-7925B/CXD1225M } 300MHz
CX-7925B-1/CXD1225M-1 ) 350MHz
Usage up to 1GHz i1s possible when combined with
an ECL (general-purpose) prescaler.

e Programmable divider permits the division of a
program frequency up to 1/262, 151

e Programmable reference divider permits the selec-
tion of comparison frequency at will.
(E.G. Using a 4MHz crystal oscillator selection
from 244Hz to 2MHz is possible)

e High-speed phase comparator provides high C/N
ratio.

e QOperation control through 3pins.

e 3 independent pins (AM1, FM1, TV1) are provided
for the signal input at respective frequencies.

e Multipurpose output terminals are provided
(A0, BO)

® Low consumption (Standard: 120W)

Structure
N-channel silicon gate MOS

Absolute Maximum Ratings (Ta=25°C, Vss=0V)

e Supply voltage Vop —05to +7

e Input pin voltage ViN —1to +7

e Operating temperature Topr —20 to +75
e Starage temperature  Tstg —55to +150

00 <<

Package Outline Unit: mm

CX-7925B/7925B-1 14pin DIP (Plastic)

1 B.OMAX 8
- Y04 e o2
0.5MAX 175 -04_|05MAX 83 4
- <)
3 o

na 8 ©l 5[

. /

CDL 0'~15"

05 MIN

DIP-14P-04

0.9%64
Ty

14 8 ‘
ARAARAA

i

+03
-01

5.3 -0;
7.9%0%4

- Y

o

HEHEE

1
04504 127

Cc————
=

i

Blzoi2@l  sop-14p-101

E89224-HP
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CX-7925B/7925B-1, CXD1225M/1225M-1

Recommended Operating Conditions

Item Re:'\'anrks Symbol| Operating range | Unit
Supply voltage Voo | +4.5to +5.5 v
High level input voltage | CLK, DIN Vi | +2.6to Voo +0.5 V
Low level input voltage | LAT vi | —1.0to0 0.8 v
High frequency
signal input amplitude ™ e 031040 Ve-p
High frequency
signal input amplitude FMmi e 0.2t0 4.0 Vp-p
High frequency _
signal input amplitude AMI e 0.2t0 25 Ve-p
High frequency
signal input amplitude Xl eI 0.6 to 40 Vep
Operating temperature Topr | —20 to +70 °C
Block Diagram and Pin Configuration
Vss AMI Voo FMI TVI BO AQ
(11)—@10—9 8

Swallow
counter

1/4,1/5
prescaler

t—o

‘Amp

Amp’

Main divider
(16 bit, programmable)

—]

UP/DOWN count (18 pit) “

Sub-

strate
voltage

Phase
comparator

Shift register (20 bit)

generator|

Timing
controller I

Latch (19 bit)
Reference divider
(14 bit, programmable)

D—A2)—L3)—4)—5)
Ves CLK LAT DIN X1 X0 PD
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Pin Description

No. | Symbol Description

1 Ves Substrate pin. (Connect 0.01yF capacitor between this pin and GND)

2 CLK Clock input pin for 20bit senal data input.

3 LAT Latch signal input pin for shift register lnpgt data (latched with signal rise) Also,
Up/Down clock input pin (state changes with signal rise)

4 DIN Data input pin.
Also, Up/Down mode select pin (Up at ‘H’ level, Down at ‘L’ level)

: ))(((I) Crystal oscillator connection pin for reference signal generation. (Max. 13MHz Standard 4.0MHz)

7 PD Phase comparator output pin (3States)

8 AO External control signal output pin/unlock output pin (E/E MOS push-pull)

9 BO External control signal output pin/data check pin (E/E MOS push-pull)

10 TVI High frequency signal input pin (Max. 300MHz or 350MHz) 1/2 prescaler built-in.

11 FMI High frequency signal input pin (Max. 150MHz or 180MHz)

12 Voo Supply (+5V)

13 AMI High frequency signal input pin (Max. 40MHz or 50MHz)

14 Vss Ground pin )

Electrical Characteristics

(Within Recommended Operation Conditions range, unless otherwise specified) Vss=0V

CX-7925B/ | CX-7925B-1/
Item Pin, Remarks Symbol Conditions CXD1225M | CXD1225M-1 |Unit
min. | Typ. |Max.| min. | Typ. |Max.
Operating
supply current Voo loo | Note2 24 | 40 28 | 40 | mA
TVI for | en=0.3 to 4.0Vp-p | 20 300| 20 350 |MHz
Operating _
input frequency FMmI for | en=0.2 to 4.0Vpp | 20 150| 20 180 [MHz
AMI for | en=0.2 to 2.5Vp-p |0.05 40 |0.05 50 [MHz
Input Vin=0 to Voo _ _
leak current Logic input I Notel 10 +10/—10 +10| A
High level low |Vour=3V  Note2 -0.2 —0.2| mA
output current
Low level Phase comparator ;
(3 value output) loL Vour=1V Note2 [+0.2 +0.2 mA
output current PD
High impedance iz | Vour=2V  Notel |=50|  |+50/—50|  |+50| nA
leak current
High level _
output voltage | Push-pull Vou | lon=—20uA 2.8 2.8 v
Low | by E/E MOS:
ow level Composition AQ, BO| vo | lo=ImA 0.6 06| Vv
output voltage
Note 1) Ta=25C
Note 2) Voo=5V Ta=25C

—179 -
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Operating Input Frequency Test Circuit

— S6
0]
.01y 5
From controller O 5v

O Oscilloscope (input 50Q)
51k

Control input data to CX-7925B/CXD1225M: T1-H, T2-H, A-L, B-H
SG: HP's 8640B
(Input level read directly at built-in level meter)
Operation
(1) Signal input from the local oscillator
CX-7925B/CXD1225M use 3 independent input pins according to frequency and application.
e AMI pin
Reception pin for AM and TV broadcast. Signal input up to 40MHz s warranted for CX7925B/
CXD1225M and 50MHz for CX-7925B-1/CXD1225M-1.
Frequency division ratio when using this pin 1s 1/2 to 1/65537.
¢ FMI pin
Reception pin for FM and TV broadcast. Signal input up to 150MHz is warranted for CX-7925B/
CXD1225M and 180MHz for CX-7925B-1/CXD1225M-1, Accordingly the external prescaler 1s not
required for FM reception. For TV reception, the entire TV bandwidth can be overed through combination
with an external prescaler up to 1/8. Frequency division ratio ranges from 1/12 to 1/262151. When not
in use this pin stays open.
® TVI pin
This pin 1s solely used for TV broadcast reception. With the built-in 1/2 prescaler signal input up to
300MHz 1s warranted for CX-7925B/CXD1225M and 350MHz for CX-7925B-1/CXD1225M-1. The entire
bandwidth can be covered through combination with an external prescaler up to 1/4. Frequency division
ratio ranges from 1/24 to 1/524302. When not in use this pin is grounded internally via a resistor of more
than 100kQ.

(2) Phase comparator output
The phase comparator output (PD pin) has a 3-level value. The pin is at High level when the input signal
is more aduanced in phase than the reference signal. At Low level when the phase lags behind and at high
impedance when they are in phase.

(3) Control signal and control system
CX-7925B/CXD1225M are designed as controllers compatible with general 4 or 8-bit microcomputers.
There are 3 control input pins CLK, LAT, DIN and 2 control output pins AB and BO. Through the proper
combination of these pins, the simplification and multi-functionalization of the system can be realized.
CX-7925B/CXD1225M feature 3 data input modes, (normal mode), Up/Down mode and Data check
mode with different signal input patterns for each.
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(3-1) Control signal input modes
(a) Data input mode (normal mode)

To set all initial values of CX-7925B/CXD1225M a total of 40bit of data has to be input 20bits at a
time. With LAT pin at Low, as data is input to DIN pin, data is input to the shift register 1bit at a time
with the rising edge of the clock input to CLK pin.

After 20bit of data has been transmitted to the shift register, with CLK at High as LAT pin is set to High,
data is latched, (after data i1s latched, turn LAT pin back to Low, Varying DIN and CLK pins while LAT pin
is at High may affect data internally).

As will be described in detail later on, input data is input either in the programmable divider or the
reference divider according to the state of the last bitC. In practice input from the controller the 20bit of
the data including first the reference divider frequency, input pin selection and AO, BO output pins data
using the above methed. Here the data last bit is set to Low.

Next input 20bit including data used to set the programmable divider, in the same way. Here set the last
bitC to High. This sets all internal states. After that, to vary only the programmable divider value, varying
only the latter 20bit of data will suffice (In this case too, C is to be set to High).

To vary the programmable divider value (channel selection, AFT) the usage of Up/Down mode
mentioned hereafter will improve efficiency.

(b) UP/DOWN mode

After setting CLK pin to Low, the contents of UP/DOWN counter can be increased or decreased by one
according to DIN pin High, Low level. This by turning LAT pin (normally at Low level) from High to Low.
By repeating this process the setting value of the programmable divider can be varied as required.

(c) DATA CHECK mode

This mode is used to check if data has been correctly input from the controller to the data register. Data
left in the shift register immediately after input data has been latched is output bit by bit from BO pin. This
at the rising edge of a clock input pin and at to CLK pin while it is held to High and after LAT pin is set
to Low. The shift register data can only be output from BO pin when bits T1 and T2 of the data are at
High and Low, respectively.

(3-2) Control data assignment

CX7925B/CXD1225M is assigned in 20bits. The last 2bits are the data identification code. Identifying
the code will tell the data contents. Though unrelated to users, switching to Test mode is also performed
using this code. Each of the programmable divider and reference divider frequency number is given in
binary value with LSB at the leading digit.

(a) Control input data of the Reference divider (C=Low)

This can be described as the initialization setting data. It 1s always input when power is fed or when a

channel band is switched. The input data composition is as follows.

— RO|R1|R2|R3|R4|R5|R6|R7 | R8|R9RI0|R11|R12/R13|PI1|PI2]| A | B |T1| C

LSB MsB

e RO to R13; Reference divider frequency division numbers. (binary value with RO as LSB)
There 1s an offset element between the input data and the actual frequency division
numbers. The relationship being (actual frequency division numbers)=(Input data+2)

e PI1, PI2 ; Specification of the signal input pin.

Input
PIL, PI2 AMI FMI TVI
PI1 — L H
PI2 L H H
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*ABTL ;

o C ;

(b) Programma

Each of AO and BO pins features 2 functions selected according to T1 value. When T1 is
at Low, A and B values are output as they are to AO and BO pins. These signals can be
used to select the prescaler frequency division, the filter constant, the channel band signal
and various other purposes. When the prescaler M54465P (mitsubishi) for TV reception is
used the following selection codes for frequency division ratio apply.

Frequency
division ratio 1/2 1/4 1/8
A B

A H L L
B L H L

When T1 is at High, AO output pin outputs the phase comparator LOCK/UNLOCK state.
AO pin H; UNLOCK

L; LOCK
BO pin becomes, as described in Paragraph(3-1)C for Data check mode, the shift register
data output pin.Through the clock input to CLK pin the shift register content is continu-
ously output. Note that when T1 is at High, AO and BO pins can not be used for external

control.
This code determines the latch direction of the input data. In this case, set to Low.

Input data AO output BO output
T2{T1|A|B
L|L A B
L|H UNLOCK signal Shift register output
H | H | L | L |Reference divider output Main divider output
H | H | L |H | Main divider output

ble divider input data (C=High)

This data determines the Programmable divider frequency division ratio.

— NO | N1 | N2 | N3 | N4 |N5|N6|N7 N8|N9|NIO|N11|N12|N13|N14|N15|N16|N17/ T2 | C
LSB MSB
® NO to N17; Programmable divider frequen division numbers. (Binary value with NO as LSB) The actual
frequency division number differs according to the pin selected for the signal input as
follows.
Control . Relation between N Range of the
data Ir;?:t N i::ﬁ': Z';‘g ?;\:‘meon and the true frequency true frequency
P11 | PI2 g division number ND division number ND
— L AMI 0 to 65535 N+2 2 to 65537
L H FMI 4 to 262143 N+8 12 to 262151
H H TVI 4 to 262143 2+ (N+8) 24 to 524302
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e T2 ; T2 is used for Test mode selection.Users usually set this data to Low. To test the
frequency division output and reference output this T2 bit and afore mentioned T1 bit are
set to High while A and B bits are set to Low. Then, a reference output and a frequency
division output can be observed at AO and Bo pins respectively.

e C ; As described before, set to High in this case.

(3-3) Data input and control signal timing

(a) Data input mode (normal mode) Various timings show the minimum value un-
less otherwise indicated.

LAT /L

|
) X X1 XOXOOOOOCOOXX
| [
| |
| |

;

105 '05105'

I,

™ us *,uS?,uSl‘_
i

CLK

(b) UP/DOWN mode

25MS

5 tee
8! 4us

r

>

-
—-F-

DXXXXXX

(% Mark indicates data is output within this timing)
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(4) Reference signal (Reference divider input signal)
The connection of a chrystal oscillator to X1 and X0 allow these IC's to generate reference signals. The
input of an external clock signal to X1 pin permits the usage of an external clock as reference signal.

(4-1) Reference signal generation by means of built-in oscillator
Connect a chrystal oscillator with a frequency of 1MHz to 13MHz to X1 and X0 pins, as shown below.

The diagram below shows an example where a standard 4MHz osillator i1s used. The capacitance ratio of Ci,
Co should be 1 to 2: 1 while their serial capacitance values should be the specific load capacitance of the

chrystal oscillator.
0 @)
X1
4MHz
Ct

6
(o]
Co

ezpl'. I 47P

(4-2) Reference signal generation by means of external clock
When an external clock signal, such as a clock signal obtained from the controller 1s to be used as
reference clock, input it to X1 pin via a capacitor as shown below. The clock frequency range is guaranteed
up to 13MHz. However, the usage of a signal with proper rise and fall (over 5V/us) 1s recommended

especially when the frequency is low. This is to prevent malfunction.

(5 )— —(5)
S
X1 X0
-l-
0.6Vp-p
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Application Circuit

Mix Mix Mix
) )
] 22k
Local g Local L>J
osc fOS':CM
for AM 001u or 001
A
- ——4700P - 1000P
0.0
1' F—‘\
(1) (13) (1
(D—@—)

Swallow 1/4,1/5
counter prescaler
Main divider
(16 buts, programmable)
Amp
UP/DOWN count (18 bits) ]
Substrate ’ ‘ Lt Phase
voltage Shift register (20 bits) I comparator [
generator >
I—-[ Latch (19 bits)
Timing Reference divider
controller l (14 bits, programmable) l:—l osc ]

N

+5V

O O

~
From controller

1.2k

22k

+30V
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High Frequency Input Sensitivity Characteristics

1000

T T
(Input pin)
L
~~ 500 T
a N
& L
200
N i
E FMENDN
o 100 < I
> N 1
> 50 N N
£ o
> AMI L-- Z
P=] —_—t === N
E=P {
2 H
g w0
——
g_ 5
c
= . B
z Vop=5V
, Ta=25C
o1 02 o5 1 2 5 10 20 50 10 200 500 1000

Input frequency fin (MHz)
AO, BO pins Output Current Characteristics

Output voltage Vou (V)

10 VoD=55V 5.0V 45V 2 o 1 2 3 4 5
E ’ // é ///
D )./ T /
° °
% // £ /
g & / g /1/
4 3
3 / 8 A
-
3 s 3 . JAVAVi
=] 5 /
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g, ? /
£ $ 717
2 Ta=25C ) [ 7 / Ta=25C
= 0 1 2 3 a 5 T O o=asvs0v 55V
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2 3 4 5

I

//

//
//
/

Vop=5V

2 10 Ta=—20°C 25°C 70°C 2 0 1

£ AL £
~ / -~
- 7 :

= s V o 2
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g Ji/4 g

5 s A 5 -4
3 // 3
5 5

g . S -6
3 3
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<
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0 1 2 3 4 5 T °

Output voltage Vou (V)

Ta=70C § —20C
25°C
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PD (Phase Comparator) pin Oﬁtput Current Characteristics
Output voltage Vou (V)
1 2 3 4

Nada
T/
V¥

Y

/

4 V.

Vbbb ,//
55V
50V

1 % 45V

Low level output current lo. (mA)

Ta=25C Ta=25'C
1 2 3 4 5

Output voltage Vou (V)

High level output current lon (mA)

Output voltage Vo (V)

o 1 2 3 4 5
< <
<
E E
3 2 3
= g %
g g 7
5 Ta 5 - 1P d
3 o
s — —20C ° ___@1%//
— 2

L—1 —t125C 3 <
é 1 e 70°C = 1% 2
3 // [ 3 v <
© ©
s // > -2
- =y
z | Voo=5V oo Vop=5V
- T

o 1 2 3 4 5

Output voitage Vo (V

Supply Current lop and Voltage Characteristics

[T

» Ta=—20C
~
<
£
E
g A
o
S 70°C]
g /] - e
> s
S V
Q
3
[7p]

20

3

4 5 6
Supply voltage Vob (V)
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CX-7961A/7961A-1

Frequency Synthesizer PLL
Description Package Outline Unit. mm
CX-7961A is a PLL IC for the digital selection of AM,
FM and TV Broadcasting as well as other radio waves, 14 pin DIP (Plastic)
developed using the high-speed N-channel silicon gate °
18.9MAX e
MOS technology. 0.5MAX 175184 losmax oz 33
Ea 5
Features ba 8 ©
® The maximum operating frequency is warranted as “ /
follows: T % 0 to18?
CX-7961A Up to 180MHz
CX-7961A-1 Upto 240MHz ' 25
They can be used up to 1GHz when used combined 2lom
with an ECL prescaler (general-purpose). M
® Programmable divider makes it possible to divide a P
program frequency up to 1/262,151.
® Programmable reference divider realizes selection of a
given reference frequency (e.g. 244Hz — 2MHz can be
selected when a 4MHz crystal oscillator is used).
® High C/N ratio with the high-speed phase comparator.
® Operation control using three terminals in serial mode. DIP-14P-04
® Independent 3 terminals (AM1, FM1 and TV1) are pro-
vided for a high frequency signal input depending on its
frequency band.
® Multi-purpose output terminals are provided (AO, BO).
® Low power consumption (standard: 35m W).
Structure
N-channel silicon gate MOS IC
Absolute Maximum Ratings (Ta = 25°C, Vgg = 0V)
® Supply voltage Vpp -0.5to +7 \"
® Terminal input voltage V;y -1 to+7 \%
® Operating temperature Topr -20 to +75 °c
® Storage temperature Tstg -565 to +150 °c
Recommended Operating Conditions
Item Pin, remark Symbol Operating range Unit
Power supply voltage Vpp +2.7t0+3.3 \%
High level input voltage CLK, DIN VIH +1.5tovpp +0.5 v
Low level input voltage LAT ViL -0.5 t0+0.5 \
High frequency signal input amplitude TVI eiN 0.2t02.5 Vp-p
High frequency signal input amplitude vMI eIN 0.2t025 Vp-p
High frequency input amplitude AMI eIN 0.2to1.5 Vp-p
High frequency input amplitude X1 e|N 0.6t025 Vp-p
Operating temperature Topr -20t0+70 °Cc

50291A-HP
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Block Diagram and Pin Configuration

43— P (1 ——(10——9 -
—{(149)——(13—12) mi 10 H—8)

Vss AMI Voo FMI TVI BO AO

Swallow 1/4,1/5 1/2
counter prescaler prescaler
Amp
Main divider
o (16 bit, programmable)

Amp

UP/DOWN count (18 bit)
Sub- [3K]
] strate Phase
voltage Shift register (20 bit) | comparator B
generator i
Latch (19 bit)

¥
osc J

i

i

\\

/
N

Timing I Reference divider ]:“_'
A
/ﬂ /L A
(O—Eo—1)—

controller (14 bit, programmable)

——08)—4)

Vves CLK LAT DIN X1 X0 PD
Pin Description
No. Symbol Description
1 VBB Substrate terminal (connect 0 01uF capacitor to the ground)
CLK Clock input terminal for 20-bit serial data input (to be shifted with signal rise)
3 LAT Latch signal input terminal for shift register input data (to be latched with signal rise) as well as the UP/
DOWN clock input terminal (its state to be changed with signal rise)
4 DIN Data input terminal as well as the UP/DOWN mode switching terminal (UP at ““H’’ level, DOWN at 'L’ level)
5 X1
5 X0 Crystal oscillator connection terminal for the reference signal generation (7 2MHz max , 4 OMHz standard)
7 PD Phase comparator output terminal (three states)
8 AO External control signal output terminal/unlock output terminal (E/E MOS push-pull)
9 BO External control signal output terminal/data check terminal (E/E MOS push-pull)
10 TVI High frequency signal input terminal (180MHz or 240MHz max ) 1/2 prescaler 1s built-in
1 FMI High frequency signal input terminal (90MHz or 125MHz max )
12 Vpp Power supply (+3V)
13 AMI High frequency signal input terminal (20MHz or 25MHz max )
14 Vss Ground terminal
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Electrical Characteristics (within the recommended operating condition range, unless otherwise specified) Vgs =0V

CX-7961A CX-7961A-1
Item Pin, remark Symbol Condition Unit
Min Typ Max Min Typ Max.
Operating power fiN = 110MHz
supply current Voo Iop Note 2 10 18 13 18 mA
TVI fop eN = 0.2~25Vp-p 10 180 10 240 | MHz
Operating input _
frequency Fmli fop | ejN=0.2~25Vpp 10 9 | 10 125 | MHz
AMI fop eN = 0.2~15Vpp 0.05 20 005 25 MHz
Input leak current Logic input UTH Vin=0~Vpp -10 +10 -10 +10 HA
Note 1
High level output _
current lIoH VouT =1.5V Note 2 01 -0.1 mA
Low level output Phase comparator
P (3-value output) loL VouT =05V Note 2 +0.1 +0.1 mA
current PD
High impedance leak _
current IHz | VouT=10VNote1 | -50 +50 | -50 +50 | nA
High level output _
voltage Push-pull by VoH | loH=-20uA 15 15 v
I E/E MOS
Low level output Structure AO, BO =
) = 4 \"
voltage VoL loL = 06mA 0 04
Note1 Ta=25°C Note2 Vpp =5V Ta=25°C
Operating Input Frequency Measuring Circuit
SG
50
From controller O 3v
l«— SG
50
le— SG
50

O Oscilloscope (Input 508)

Control input data to CX-7961A/7961A-1  T1-H, T2-H, A-L, B-H
SG HP’s 8640B (Input level is directly read with the built-in level meter)
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Operating Description

(1) Signal input from the local oscillator
CX-7961A is provided with 3 independent input terminals corresponding to the signal frequency and applications.
« AMI terminal

Reception terminal of AM broadcast with the warranted signal input up to 20MHz or 256MHz. The frequency
division ratio using this terminal 1s 1/2 to 1/65537.

+  FMI terminal

Reception terminal of FM and TV broadcasts with the warranted signal input up to 90MHz or 125MHz. An
external prescaler is not required In reception of FM channels. When TV is received, entire TV band width can be
covered with combination of an external prescaler up to 1/8. The frequency division ratio ranges from 1/12 to
1/262.151. This terminal is open when it Is not in use.

« TVI terminal

This terminal 1s dedicated to reception of TV broadcasts. Signal input up to 180MHz or 240MHz are warranted
with the built-in 1/2 prescaler. When combined with an external prescaler up to 1/4, entire TV bandwidth can be
covered. The frequency division ranges from 1/24 to 1/524 302. When this terminal i1s not in use, It is grounded
internally via a resistor of more than 100 kilo-ohms.

(2) Phase comparator

The phase comparator output (PD terminal) has a 3-value level. When the input signal i1s advanced in phase than the
reference signal, the terminal becomes HIGH level, LOW level when the phase is lagging behind and high impedance
when they are in phase

(3

Control signal and control system

CX-7961A s designed as a controller compatible with general 4-bit or 8-bit microcomputers. Three control input
terminals, CLK, LAT and DIN, are available. Two control output terminals, AO and BO are also available. By com-
bining these terminals properly, simplification of the system or multi-functional system can be realized.

(3-1) Control signal input modes

CX-7961A has three control signal input modes. DATA INPUT mode (normal mode), UP/DOWN mode and DATA,
CHECK mode with each of them differing in its signal input system

(a) DATA INPUT mode (normal mode)

To set all initial values of CX-7961A 1t 1s required to input total 40-bit data in 20 bits each in this mode. When
data 1s input to the DIN terminal with the LAT terminal in the LOW state, the data is input in one bit each to the
shift register with the rise of clock input to the CLK terminal After transmitting 20-bit data to the shift register,
the data is latched when the LAT terminal 1s set to HIGH with the CLK in the HIGH state. (After latching of the
data, the LAT terminal must be reset to LOW Varying of the DIN and CLK terminals with the LAT terminal
HIGH may affect the data internally )

As will be described in detail later, input data Is input either in the programmable divider or reference divider
depending on a state of the last bit C. In practice, input the 20-bit data including the reference divider frequency
division number, input terminal selection and AO/BO output terminal data from the controller first of all in the
above manner. At this time, the last bit C of the data is set to LOW.

Then, input the 20-bit data including the programmable divider setting data in the same manner with the last bit
C set to HIGH. In this manner, all internal states are set. After this setting, the latter 20-bit data only is varied
when only the programmable divider value is varied. (At this time, C s set to HIGH without fail.)

When the programmable divider value is varied (selection of a broadcast channel, AFT), the following UP/DOWN
mode can be used more effectively.

UP/DOWN mode

After setting the CLK terminal to LOW, the UP/DOWN content can be increased or decreased by one depending
on the level of HIGH or LOW of the DIN terminal when the LAT terminal (usually LOW level) is changed from
HIGH to LOW. By repeating this process, the setting value of the programmable divider can be varied as required.

(b
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(c) DATA CHECK mode

This mode is used to check if the data from the controller is correctly input to the shift register. The data left in
the shift register immediately after the input data is latched is output in one bit each from the BO terminal when
a clock is input to the CLK terminal after the LAT terminal is set to LOW with the CLK terminal held to HIGH.
However, the shift register data is output from the BO terminal when the T1 or T2 bit of the data is respectively
at HIGH or LOW only. T1 and T2 bits will be described in the following item.

(3-2) Control data assignment

The CX-7961A control data is assigned in 20 bits. The last 2 bits are the data recognition code and their recognition
will tell the data content. Switching to the TEST mode is also performed using this code internally. As is described in
the following, each of the frequency division number of the programmable divider and reference divider is given in the
binary value with the leading digit of LSB.

(a) Control input data of the reference divider, etc. (C = LOW)

This data can be described as an initialization setting data and it is always input whenever the power supply is fed
or a channel band is switched. The input data is assigned as follows.

R1|R2 {R3 | R4 |R5 |R6 | R7 | R8 | R9 |[R10/R11|R12|R13|PI1|PI2|A |B | T1| C

+ RO —R13:

- PI1, PI2:

+A BT

Reference divider frequency division number (binary value with the LSB of RO). In practice, an
offset component between the actual frequency division number and the input data. Their
relationship is as follows.

(Actual frequency division number) = (Input data) + 2

Specification of the signal input terminal.

Input
AMI FMI TVI
Pi1, P12
PI1 - L H
P12 L H H

Each of the AO and BO terminals have 2 functions which are switched depending on the T1
value. When T1 is at LOW, A and B values are output as they are to the AO and BO terminals.
These signals can be used for switching an external prescaler’s frequency division ratio, the filter
constant and channel band, etc. When the prescaler M54465P (Mitsubishi) is used, the selection
code of frequency division ratio will be as follows:

Frequency division
ratio 1/2 1/4 1/8
A B
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SONY-:
When T1 is at HIGH, the AO output terminal outputs the LOCK/UNLOCK state of the phase
comparator.
AO terminal H: UNLOCK
L LOCK
This can be used as a muting signal.
The BO terminal becomes, as described in (3-1) (C), the data output terminal of the shift register
and the shift register content is continuously output by inputting the clock to the CLK terminal.
It must be noted the AO and BO terminals can not be used for external control when T1 is at
HIGH
- C This i1s a code to determine the latch direction of the input data. In this case, set to LOW.
Input data
AO output BO output

T2 | T1 | A B

L L A B

L H UNLOCK signal Shift register output

H H L L Reference divider output Main divider output

H H L H Main divider output

(b) Programmable divider input data (C = HIGH)

This data determines the programmable divider’s frequency division ratio.

NO [ NT |N2 | N3 |N4 | N5 | N6 | N7 |N8 | N9N1ON11|N12|N13|N14[N15|N16N17|T2 | C

* NO — N17: Programmable divider frequency division number.

(Binary value with NO as the LSB.) Actual frequency division number will be as follows depending
on a terminal selected for the signal input.

Control data | Range of the Relation between N and Range of the true
nput d h f f d
terminal frequency division the true frequency requency division
PI1 PI2 input data N division number ND number ND
- L AMI 0 — 65,535 N+2 2 — 65,537
L H AMI 4 — 262,143 N+8 12 — 262,151
H H TVI 4 — 262,143 2+ (N+8) 24 — 524,302
- T2: T2 1s used for selection of the test mode. Set this data to LOW usually.
When the frequency division output and reference output are to be checked, set this T2 bit and T1
bit to HIGH and A and B bits to LOW. In this instance, the AO and BO output terminals output
a reference output and a frequency division output respectively.
+ C: As described before. Set to HIGH in this case.
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(3-3) Data input and control signal times

(a) Data input mode (normal mode) Each timing shows the minimum value unless otherwise described.

>l s l|<—8MS—>:<—5uS—>i
I I

OOOOOOOOOOOVNRK

LAT / /

> b [*0aus
| |

DIN

ENENEN
] uS PuStuS [+
i

CLK

(b) UP/DOWN mode

S
—"MSF 8u
I

1 y_

LAT —t—,

(c) DATA CHECK mode (Data check of the shift register)

CLK

BO

P12/ye W A/nis X B/uX /L X L/

(* denotes data Is output within this timing.)
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SONY.

(4) Reference signal (Input signal of the reference divider)

CX-7961A can generate a reference signal by connecting a crystal oscillator to XI and XO0.
clock to be used as a reference signal by inputting an external clock signal to the XI terminal.

It also allows an external

(4-1) Reference signal generator with the built-in oscillator

As shown below, connect a crystal oscillator to the XI and X0. A crystal oscillator with the frequency of TMHz —
7.2MHz can be used. The diagram below shows an example when a standard 4MHz oscillator 1s used.

Be sure to-make the capacitance ratio of Cy and Cy at 1 — 1 : 1 and their serial capacitance values be the specified
load capacitance of the crystal oscillator.

CX-7961A

4MHZ

82P 47P

(4-2) Reference signal generator with an external clock
When an external clock signal, e g. a clock signal obtained from the controller, is used as the reference clock, connect
1t to the XI terminal via a capacitor as shown below. The clock frequency 1s warranted up to 7.2MHz but use signal of
proper rise and decay (more than 5V/us) especially when the frequency is low. This will serve as a protection from
mulfunction.

CX-7961A
o G-
2/
XI X0
I
06Vpp
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Application Circuit

Mix Mix Mix
f
oS 22k O S 22k o < 22k
Local > Local > Local >
osc DsC osc
for AM ’_’gomu for FM ;001;4 for TV ; 0.01u
T T 1
"‘; = 4700P 1000P 1000p
| 001u Muting
I
—(9—3) (12) 8
Swallow 1/4,1/5
counter prescaler
) Main divider
(16 bns, programmable) I

Amp.

UP/DOWN count (18 bits) l
Sub-

3 —

voitage Shift register (20 bits) I
genera- comparator [
tor [

IR

Latch (19 bits)

Tlm”:lg Reference divider
controller (14 bits, programmable)

Y
(3) « : 6 (7

& & \Sf
q;l: I 0.01u 4 5||\:/|]Hz
22k +30V
2SK105A-10

33k

(5 O O O 2.2k

+5V _

From controller
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Characteristics of high-frequency input sensitivity
1000 \\
500 N

200

\\ Input Pin FMI

TVINT

100 ‘\
50 v N <
oD =3V N
Ta=25°C \\Il

20 N7

S —

AMI Y N

I

b =1

VN-Input Sensitivity (mVp-p)

01 02 05 1 2 5 10 20 50 100 200 500 1000

F)Nn-Input Frequency (MHz)

fmax-Ta Characteristics fmax-Ta Characteristics

400 \\\
\\
Input Pin TVI \

200

N
~
~]

Input Pin FMI \

300 150

Fmax-Maximum Input Frequency (MHz)
Fmax-Maximum Input Frequency (MHz)

Vpp =3V Vpp =3V

200 100
-20 0 20 40 60 80 -20 0 20 40 60 80

Ta-Ambient Temperature (°C) Ta-Ambient Temperature (°C)

Output current characteristics of AO and BO terminals

6 Vpp =33V 3.0V
— / // 3 / //
< v 27V T
T ] £
£, ] g,
/,
5 A 2
Q c
S -
3 2 z -4
H o
3 T
2 5
o S

Ta =25°C Ta=25°C
-6
0 1 2 3 2 3
VoL-Input Loltage(V) VoH-Input Voltage (V)
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Output current characteristics of PD (Phase discriminator) terminal

<
E
=04 Vop =
14 3.3v
E}
(s} 3.0V
2 T 27V
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© 02 A
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é A 1T 70°C
o2 )P r=
g 0. 7
g /
3
H A
o
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Power current characteristics
Ipp-fin Characteristics
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FN-Input Frequency (MHz)
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N

3 4
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Frequency Synthesizer

Description Package Outline Unit: mm
This PLL IC was developed through High-speed 14 pin SOP
N-Channel silicon gate MOS technology. pin
CXD1118M is not only used for AM, FM and TV 09t81 185815
Broadcasting but also for the digital tuning of vari- 1a o ]
ous radio waves. BRAABAAAA pods ]
pa>d % 9.13%5
Features o 3 J
e The guranteed maximum operation frequency: Ido EELT ~ {
CXD1118M 180 MHz 1 ? g 5
CXD1118M-1 240 MHz 045%02 27 02'8s T
1 GHz when used com-
bined with an ECL prescaler
(general purpose). —
e Programmable main divider: 1/262,151 fre-
quency. (Max.) -
® Programmable reference divider: Enables at will s SOP-14P-LO1
selection of a given reference frequency. (e.g. o
244 Hz to 2 MHz with the use of a 4 MHz crys-
tal oscillator)
e High C/N ratio is realized through the high-
speed phase comparator.
e Operation is controlled by three pins in serial
mode.
e High frequency signal inputs are handled by 3
independent pins AMI, FMI and TVI, depending
on the frequency band.
e Multipurpose output pins (AO and BO).
e Low power consumption 35W (Typ.)
Structure
N-Channel silicon gate MOS
Absolute Maximum Ratings (Ta = 25°C, Vss = 0V)
e Supply voltage VDD —~0.5 to +7 \Y
® Input pin voltage VIN -1 to+7 \
® Operating temperature Topr —20 to +75 °C
e Storage temperature Tstg -b55 to +1560 °C
61134-T0
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Recommended Operating Conditions
Item Pin Symbol Operating range Unit
Supply voltage VbD 2.7t033 \
High level input voltage CLK, DIN VIH 1.5 to VoD +0.5 \
Low level input voltage LAT ViL —05to +05 \Y
High frequency signal input
amplitude TVI elN 02to25 Vp-p
High frequency signal input
amplitude FMI elN 0.2to25 Vp-p
High frequency signal input
amplitude AMI eiN 02 to15 Vp-p
High frequency signal input
amplitude XI eiN 06 to25 Vp-p
Operating temperature Topr —20to +70 °C

Block Diagram and Pin Configuration

Vss AMI Vop
A4) A3) A9)
BD—B—®
Swallow 1/4,1/5
counter prescaler
Main divider
—o (16 bit, programmable)
Amplifier 1
.—g[ UP/DOWN count (18 bit) l
$.8 T v
238 Shift register (20 bit) I Phase comparatorf
3o o —
» > O &
L—){ Latch (19 bit)
Timing controller Reference divider osc ]
(14 bit, programmable)

—(D)—0—0B—® O
VBB CLK LAT DIN X0

‘\5/;
XI

(D

PD
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Pin Description

No Symbol Description
1 \':1:] Substrate pin (connect 0.01 uF capacitor to the ground).
2 CLK Clock input pin for 20-bit serial data input (to be shifted with
signal rise.)
Latch signal input pin for shift register input data (to be latched
3 LAT with signal rise) Also, UP/DOWN clock input pin (condition
changes with signal nse)
4 DIN Data input pin. Also, UP/DOWN mode switching pin (Up at “"H"”
level and DOWN at “L” level)
5 X1 Crystal oscillator connection pin for reference signal.
6 X0 Generation (7.2 MHz Max, 4.0 MHz Typ.)
7 PD Phase comparator output pin (three-state).
8 AO External control signal output pin/unlock output pin
(E/E MOS push-pull)
9 BO External control signal output pin/data check pin
(E/E MOS push-pull)
1 High frequency signal input pin {180 MHz or 240 MHz Max.)
Y ™ Built-in 1/2 prescaler
11 FMI High frequency signal input pin (30 MHz or 125 MHz Max.)
12 VbD Power supply (43V).
13 AMI High frequency signal input pin (20 MHz or 25 MHz Max.)
14 Vss Ground pin
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Electrical Characteristics

(Within the range of Recommended operating conditions, unless otherwise specified) Vss = OV
CXD1118M CXD1118M-1
Item Pin-Remarks Symbol Condition Unit
Min | Typ | Max | Min | Typ |Max

Operating supply current Vob oo fin=110 MHz *2 10| 18 13 | 18 |mA
TVI for en=02to 25 Vp-p 10 180 | 10 240 |MHz

Operating input

frequency FMI for eN=02to 25 Vp-p 10 90 | 10 125 |MHz
AMI fop eN=02to15Vp-p | 005 20 |005 25 |MHz

Input leak current Logic input In ViH=0to Vop *1 -10 10 |{—=10 10 | uA

High level output current loH Voutr=15V*2 -01 —01|mA

Phase comparator

Low level output current (3-value output) loL Vour =05V *2 01 01 mA
PD

High impedance leak current Hz Vour=10V *1 -50 50 |-50 50 | nA

High level output voltage Push-pull by VoH loH=—20uA 15 15 v

. E/E MOS
Low level output voltage Structure AO, AB VoL foL=0 6mA 04 04 A\

Note)*1 Ta = 25°C
*2 Vob = 3V Ta = 25°C

Operating Input Frequency Test Circuit

SG
=0.01y 50
From controller O 3v
SG
50
SG
1000P S0

Control input data to CXD1118M. T1-H, T2-H, A-L, B-H
SG: HP’s 86408B (Input level read directly at 8640B’s level meter)

—202 —



SONYs CXD1118M/1118M-1

Description of Operation
1. Signal input from the local oscillator
1) CXD1118M is provided with 3 independent input pins to handle corresponding signal frequencies
and applications.
e AMI pin
It is mainly used for the reception of AM broadcasts to guarantee signal inputs of 20 MHz or 25
MHz.
The frequency division ratio when using this pin is 1/2 to 1/65537.
e FMI pin
This is mainly used for the reception of FM broadcasts to guarantee signal inputs of 90 MHz or
125 MHz.
For FM reception while no external prescaler is required, all bands can be covered. The frequency
division ratio ranges from 1/12 to 1/262,151. Also, when not in use, this pin remains open.
e TVI pin
Mainly used for TV and FM broadcast reception, this pin features a built-in 1/2 prescaler. This is
to ensure signal inputs up to 180 MHz or 240 MHz Also, in combination with a 1/4 external
prescaler, the entire TV bandwidth can be covered. The frequency division ratio ranges from 1/24
to 1/524,302. When this pin is not in use, it is grounded internally via a resistor of over 100 k().

2. Phase comparator output
The phase comparator output (PD pin) has a 3-value level. When the input signal is more advanced
in phase than the reference signal the pin turns to HIGH level when it is lagging behind in phase it
turns to LOW, and when they are in phase it is set to High Impedance.

3. Control signal and control system
The CXD1118M design makes it compatible with general 4 or 8-bit microcomputers. It has three
control input pins: CLK, LAT and DIN. Proper usage of these and the other two available control
output pins, AO and BO can accomplish system simplification or multi-functionalization.

1) Control signal input modes
CXD1118M features three control signal input modes with respectively different signal input sys-
tems: DATA INPUT mode (normal mode), UP/DOWN mode and DATA CHECK mode.
(1) DATA INPUT mode (normal mode)

To set all the initial values of CXD1118M, it is necessary to input a total of 40-bit data in
this mode, 20 bits at a time. When data is input to Din pin, with LAT pin set to LOW, the data
is input one bit at a time to the shift register with the rise of the clock input to the CLK pin.

After transmitting 20-bit data to the shift register, the data is latched by setting LAT pin to
HIGH, while CLK is in HIGH state. (After the data latching, set LAT pin back to LOW. Note that
while LAT pin is at HIGH, any changes occurring to DIN and CLK pins may internally affect the
data.

As will be referred to in details later on, input data is taken in either the programmable or the
reference divider, whichever, depending on the state of the last bit C.

For all practical purposes, first of all input through the controller the 20-bit data that in-
cludes: the reference divider frequency division number, the input pin selection and the AO/BO
output pin data, accoring to the above mentioned input method. For this, set the last bit C of
the Data to LOW. Next, input the 20-bit data, including the programmable divide; setting data,
the same way. For this, the last bit C of the data is set to HIGH. Then, all internal states are set.
After this setting, to effect a change on only the value of the programmable divider, a change
executed on only the latter 20-bit data, will suffice. (For that purpose also, C is set to HIGH).
To change the value of the programmable divider (program selection channel, AFT) by using
the following UP/DOWN mode higher effectiveness can be attained.
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(2) UP/DOWN mode
After setting CLK pin to LOW, LAT pin (usually at LOW level) is changed to HIGH. Changing

LAT pin level from HIGH to LOW enduces DIN pin HIGH/LOW level changes. According,

or decr
value of the programmable divider can be altered as required.

(3) DATA CHECK mode
This mode is used to check if the data is correctly input from the controller to the shift regis-

ter. The data left in the shift register, immediately after the input data has been latched, is
output, one bit at a time, from BO pin. This happens with the rising edge of CLK pin, to which

a clock is input after LAT pin is set to LOW while CLK pin is held at HIGH level. However the
shift register data can only be output from BO pin when the T1 and T2 bits of the data are re-
spectively at HIGH and LOW. T1 and T2 are described in the following paragraph.

UP/DOWN counter content incr

2)

Consist of control data

by one. By repeating the process the setting

The CXD1118M control data is assigned in 20 bits, of which the last two are the data recogni-
tion code. Recognizing this code gives access to the data content. Moreover, although unrelated to
the user, this code is used for the switch to TEST mode. As mentioned hereafter, the frequency di-
vision number of each of the programmable divider and the reference divider, is given in the binary
value with the leading digit of LSB.
(1) Control input data of the reference divider and others. (C =LOW)

This can be considered as the initial setting data. It has to be input when feeding power
supply or switching channel bands. The input data is assigned as follows:

RO

R1|R2 | R3| R4

R5 | R6

R7

R8

R9

R10

R1l

R12

R13

PIl

PI2

A

B

T1| C

® RO — R13: Reference divider frequency division number (binary value with the LSB of RO).

There is an affect component between the input data and the actual frequency division
number. The relationship is as follows:
(Actual frequency division number) = (Input data) + 2
Specification of the signal input pin.

® PI1, PI2:

® A BT

Input
AMI FMI T™VI
PI1, PI2
PI1 - L H
Pi2 L H H

AO and BO pins have 2 types of functions. The switching occurs according to T1 value.
When T1 is at LOW A and B values are output, as they are, to AO and BO pin. These
signals can be used for a variety of purposes, such as switching the external prescaler’s
frequency division ratio, the filter constant, the channel bands and others. When the
M54465P prescaler (MITSUBISHI), essentially for TV reception is used, the selection
code of the frequency division ratio becomes as follows.

Frequency division

ratio 1/2 1/4 1/8
A B
A H L L
B L H L
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When T 1s at High, the AO output pin outputs the LOCK/UNLOCK state of the phase
comparator.

AO pin H:  UNLOCK

L.  LOCK
Accordingly, it can be used as a muting signal. As described in article (3-1) 3) for the
Data Check Mode, BO pin becomes the data output pin of the shift register. By inputting
the lock to CLK pin, the shift register content is continuously output. Note that when
T1 is at High, AO and BO pins cannot be used for external control.

This 1s a code to determine the latch direction of the input data. In this case, set to
LOW

Input data
AO output BO output
T2 | T1| A B
L L A B
L H UNLOCK signal Shift register output
H H L L Reference divider output Main divider output
H H L H Main divider output

(2) Programmable divider input data (C = HIGH)
This data determines the programmable divider’s frequency ratio.

NO

N1 N2 | N3 |N4 N5 N6 N7|N8 | N9 |N10/N11/NI12/N13/N14|N15/N16 N17) T2 | C

e NO — N17. Programmable divider frequency division number (Binary value with NO as the LSB)

The actual frequency division number taken as the input signal differs accroding to the
selected pin as follows:

Control data Input Range of the frequency division | Relation between N and the true | Range of the true frequency
Pl P2 pin input data N frequency division number ND division number ND
- L AMI 010 65,535 N+2 2 to0 65,5637
L H AMI 4 t0 262,143 N+8 1210 262,151
H H TVI 410 262,143 2:-(N+8) 24 t0 524,302
e T2: T2 is used for the selection of test mode. Users should usually keep this data to LOW.
To check the frequency division and reference outputs, set this T2 bit and T1 bit to
HIGH and A and B bits to LOW. Then the reference output and the frequency division
output will be displayed at the AO and BO pins, respectively.
e C: As previously mentioned. Set to HIGH in this case.
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3) Data input and control signal timing
(1) Data input mode (normal mode)

Each timing indicates the minimum value, unless otherwise specified.

. |
_..:”lsll.._ 8uS —ete— 5uS -
|

| |

/ i
s |

XXX R
| |

| |

| |

DIN

(2) UP/DOWN mode

5uS

A
| S—
_.:ﬂsl 8us

|

cLk X000\

(3) DATA CHECK MODE (DATA check of the shift register)

LT | /

\VAVAVAV, VLV,
A‘A‘A’A‘A A

(* Indicates data is output within this iming)
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4. Reference signal (Input signal of the reference divider)

CXD1118M can generate a reference signal by connecting a crystal oscillator to XI and XO. By in-
putting an external clock signal to X! pin, the external clock can be used as a reference signal.

1) Reference signal generation through built in oscillator
As shown in figure below, connect a crystal oscillator to Xl and XO pins. A crystal oscillator with
a frequency of 1 MHz to 7.2 MHz can be used. The figure below shows an example where a stan-
dard 4 MHz oscillator is used. Set the capacitance ratio of Cl and Co at 1 to 2.1 CI and CO serial
capacitance values should be the specified load capacitance of the crystal oscillator.

CXDIi18M
5 6
X1 X0
4MHz
Ct Co

2) Reference signal generation through an external clock
When an external clock signal, such as for instance, a clock signal obtained from the controller
is used as the reference clock, connect to Xl pin via a capacitor, as shown in figure below. The
clock frequency range is guranteed up to 7.2 MHz. However, when the frequency is especially low,
use a signal of proper rise and decay. (more than 5V/us). This is to deter malfunction.

CxXD1118M
=)
: -©
X1 X0
Juo
0.6Vp-p

—207 —



CXD1118M/1118M-1

SONYe

Application Circuit

Mix Mix Mix
0<S 22k 0 S22k 03 22k
Local OSC |2 Local OSC |= Local 0SC |>
for AM 001 1 for FM 001p for TV 0014

Ga 3
—/ N
Swallow 1/4,1/5
counter prescaler
Main divider
o (16 bits, programmable)
Amplifier 4

—J

—al UP/DOWN count (18 bits)

Shift register
(20 bits)

Phase
comparator

b

Vo

Substrate
voltage
generator

Latch (19 bits)
Timing Reference divider osc
controller (14 bits, programmable)

22k +30V

From controller
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High frequency input sensitivity characteristics
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PD (Phase discriminator) pin output current characteristics
VoH - Output voltage (V)
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1GHz Band PLL IC for Mobile Communications Preliminary
Description
The CXA1356M/N are frequency synthesizer PLL ICs CXA1356M CXA1356N

which have developed for 1GHz mobile communication
systems. These ICs have low current consumption,
small package and are appropriate for portable sets of
cellular units, etc.

Features

® Low current consumption lcc=13.5mA (Vcc=5.0V)
o Maximum operating frequency 1.8GHz (typ.)

e High input sensitivity

® Ultra small 16-pin VSOP package

Applications
1GHz mobile communication equipment for cellular,
etc.

Absolute Maximum Ratings (Ta=25°C)

e Supply voltage Vce 7 v
o Storage temperature Tstg —-65t0+150 °C
o Allowable power dissipation Pp 300 mwW

Block Diagram and Pin Configuration

16 pin SOP (Plastic)

16 pin VSOP (Plastic)

@

Structure
Bipolar silicon monolithic IC

Operating Conditions
o Supply voltage

o Operating temperature Topr

RF2X (1 AvED
RF2 (2
)
RF1X 3 AP W1
RF1 (4
172
12-
1/2
sw2
BO (5
Miv e 1s
GND2 (& purpos Prescaler
output
circuit Swallow counter K 1
AO (7 1 ]
Main divider
16bit v
g Phase comparator
N
PDOUT (8)

Vee

9) EFOUT

Vce

451055 A%
-35t0+85 °C
PE90628 — ST
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Electrical Characteristics (Ta=25°C, Vce=5V)
Item Symbol| Condition Min. Typ. | Max. | Unit
Current consumption Icc 135 mA
Maximum operating frequency fimax 1800 MHz
“H” input voltage ViH 3 v’
g:_":( “L” input voltage ViL 2 %
LAT “H” input current ] 0.1 HA
“L” input current I -0.1 WA
PD “H” output current loH Vpoout=2.5V —240 uA
OuT | «>» output current loL Vppout=2.5V 240 MA

Description of Operation

Control Signal and Control System

The

CXA1356M/N is designed to work with a controller which consists of general 4-bit/8-bit microprocessor. It

has 3 pins of CLK, LAT and DIN as the control data input pins. As the output pins for control, two pins of AO and
BO are also available. A simple, multi-function system can be implemented by taking advantage of these pins.

[1] Control Signal Input Process

The
DATA

(@

(b)

signal input process is comprised of two different data modes, DATA READ mode (normal mode) and
CHECK mode.

DATA READ mode (normal mode)

To completely initialize this IC two 20 bit data streams, for a total of 40 bits of data, must be input in this
mode. First, make the LAT pin in the LOW state and input data at the DIN pin in synchronization with the
clock. The data is read into the shift register one bit at a time with each clock puise.

After 20 bits of data have been stored in the shift register, the data is latched by making the LAT pin HIGH
while holding the CLK pin HIGH. (After the data is latched return the LAT pin to LOW. If the CLK or DIN
pins change while the LAT pin is HIGH the stored data may change. So take care.)

As explained in detail below, the data is input into the main divider or reference divider according to the
value of C bit. In order to actually use this IC, at first input the 20 bits of input data which represent the
reference divider division number, input pin selection, and AO and BO output pin data from the controller by
the above sequence. At this time, the last C bit data should be LOW.

Next, set up the main divider data using the same method with 20 bits of input data. At this time, make C bit
high. After this the IC is completely initialized. If only the main divider division number need to be changed,
by repeating the latter sequence (C bit; HIGH), a new set of data can be stored.

DATA CHECK mode

This mode is provided to verify the correctness of data which is input into the shift register by the controller.
Immediately after input data is latched and the LAT pin is returned LOW (remembering to keep CLK HIGH),
the data can be output to pin BO one bit at a time with each clock pulse. At that time, the T1 and T2 bits
must be held HIGH and LOW respectively in order to output the shift register data to pin BO. T1 and T2 bits
are explained in the “Control Data Structure” section.
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[2] Control Data Structure

Control data for the CXA1356M/N is constructed a 20-bit data stream. The last two bits represent the function
code which recognizes the purpose of the data stream. Selecting the TEST mode is also provided for using this
code. As explained later, the first bit of two data stream is the LSB of a binary value of the main divider or
reference divider division number.

(a) Control input data for reference divider (C=LOW)
As this data is called initialization data, whenever the power is turned on this input sequence is mandatory.
The data format is assigned below.

RO | R1

R2 | R3| R4 |R5 | R6 | R7 | R8 | R9 [R10|R11|PI3 | PI4 P11 |PI2| A | B |[T1 | C

* RO to R11

e Pl1to Pl4

e A BTl

oC

: Reference divider divisor. (Binary value with RO as LSB).

In practice, there is an offset component between the actual division number and the input
data. Their relationship is as follows.
(Actual divider division number) = (Input data) +2

: Input signal pin selection.

Pi1 | PI2 | PI3 | PI4
L H L L | RF1input
H H L L | RF2input

: Each of the AO and BO pins has two functions which are switched depending on the T1

value. When T1 is LOW, A and B are output to the AO and BO pins respectively.
When T1 is HIGH, the AO pin outputs the LOCK/UNLOCK state signal of the phase
comparator.
AOpin: H : LOCK

L : UNLOCK
The BO pin outputs the shift register contents in the DATA CHECK mode in synchronization
with the clock pulse. See [1] (b)

: This is a code to determine the latch direction of the input data. Input LOW for this mode.
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(b) Control input data for main divider (C=HIGH)
Sets up main divider division number data.

~—— NO | N1 [ N2 | N3 | N4 | N5 | N6 | N7 | N8 | N9 |[N10(N11|N12|N13|N14 |N15(N16|N17| T2 | C

e NOto N17 : Main divider division number (Binary value with NO as LSB). Main divider has a 1/4 fixed
divider circuit at the input, and the actual divisor is shown in the following relationship

(PI3=P14=LOW) :
Range of Division Input | Relation Between N and Range of True
Data N True Division Number Division Number
410 262,143 ND=4 « (N+8) 48 to 1,048,604
o T2 : Used to select test mode. Normal user should input a LOW value.

When the main divider output and reference divider output must be checked, make this T2 bit
and the T1 bit HIGH and input a LOW for A and B. The AO and BO output pins will output the
reference divider output and main divider output respectively.

oC : As described before. Input HIGH for this mode.
Input data
AO output BO output
TI|T2| A | B
Li{L A B
UNLOCK signal Shift register output
H | H | L | L | Reference divider output | Main divider output
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[3] Data Input and Control Signal Timing
(a) DATA READ mode (normal mode)

LAT

QOOKXRXXXHXHKXXXXKX
1

DIN

CLK

XXXXXX

BO
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Electrical Characteristic Test Circuit
High Frequency Input Sensitivity Test Circuit

+5Vv
Vee

Oscilloscope

Signal
Generator

Example of Representative Characteristics

RF1 and RF2 Input Sensitivity vs. Input Frequency Characteristics

RF1 « RF2 Input Sensitivity (dBm)

-10

\\ //
T

100 200 500 1000 2000
Input Frequency (MHz)
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Package Outline Unit : mm
CXA1356M 16pin SOP (Plastic) 300mil 0.2g
9.9t8:g 1.85 015
16 9
AAAAAAAA - A-0Tos ]
<,
335 0.4583s
+ | (o)) o))
8 ~ %]
O
HEHHEE Q
1 8 g
0.45%04 127 0.2'835| %
S
o SONY NAME] SOP-16P-L01
EIAJ NAME [*SOP016-P-0300-A
JEDEC CODE
Bl z012]@]
CXA1356N 16pin VSOP (Plastic) 225mil
#5.0%04 125182
‘ (O] 0.0 ]
n0gRRAng’ N
3 g
o |3 :
(
R ELELLELR X
0228350 0.65%042 0.15%893
0.1:!:01
aiaiaiaiuiai]

~ SONY NAME| VSOP-16P-LO01
S ETAJ NAME| SSOP016-P-0225-* A
g JEDEC CODE

* (Similar)

. T o0 -10°

Detailed diagram of A

Note) Dimensions_marked with %
does not include resin_residue
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1.2 GHz 2 Modulus Prescaler for Cellular Equipment Advance Information

Description

The CXA1541M is a 1.2GHz 2 modulus prescaler
developed for cellular equipment use. At 3.0mA, 8pin SOP (Plastic)
current compensation 1s minimal while pin compati-
bility with MB501L/SL permits easy replacement.

Features
e Ultra low current consumption
(3.0mA at V..=5.0V)
® Pin compatible with MB501
e Achieves high input sensitivity
® Maximum operating frequency of 1.2GHz is guar-

anteed. Structure
©64/65 and 128/129 frequency divisions can be Bipolar silicon monolithic IC

selected.

Absolute Maximum Ratings (Ta=25°C)

Applications e Supply voltage Vee 7.0 \

1GHz band radio communications and cellular e Storage temperature Ty, —65to +150 °C

equipment e Allowable power

dissipation Py 400 mV

Operating Conditions
e Supply voltage Vee 4.5 to 5.5 \'
e Operating temperature T,,r —34 to+85 °C

Block Diagram and Pin Configuration

2
o

w NC Pin Function

O 9 Input

VCC

64/128 frequency division
ration select input

Output

GND

Swallow select input

NC

O|IN[O O || W [N~

Reference input

Function Table

Frequency
division ratio

64
65
128
129

64/128 | MOD

H

rlIT|r|I

H
L
L

AE90185-HP
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4) GaAs MES FET

Type Function Page
3SK165 RF amplifier, mixer, oscillator, GaAs dual gate MES FET 223
3SK166 RF amplifier, mixer, oscillator, GaAs dual gate MES FET 227
SGM2004M RF amplifier, mixer, oscillator, GaAs dual gate MES FET 231
SGM2006M/P RF amplifier, mixer, oscillator, GaAs dual gate MES FET 235

—222 -




SONY.

3SK165

GaAs N-Channel Dual-Gate MES FET

Description Package Outline Unit: mm
The 3SK165 is a GaAs N-channel Dual-Gate MES
FET for low noise UHF amplifiers and mixers. Low noise 2.0t02
and high gain characteristics are accomplished by .
optimum mask pattern design. Easier high frequency L9
circuits adjustments are made possible by the miniaturized (085) {0.95)
plastic molded package which contributes to reduce 14182
parasitic elements of the device. ol
=1
Features SfEL | Bl I
« Low NF NF - 1.2 dB (Typ.) at 800MHz %e) =01
* High PG PG = 20 dB (Typ.) at 800MHz . = =P
* High stability m !
04’885 06885 |l 01081
Applications (095) 085)
¢ UHF Amplifier, mixer, oscillator 1.8
1:Source
Absolute Maximum Ratings (Ta = 25°C) 2 Gate 1
. 3.Gate 2
« Drain to source voltage Vosx 8 \ 4:Drai
» Gate 1 to source voltage Vais -6 v M-254 ‘Drain
¢ Gate 2 to source voltage Vaas -6 Vv
e Drain current Io 80 mA
* Channel temperature Tch 150 °C
« Storage temperature Tstg - 55to+ 150 °C
* Allowable power dissipation Po 150 mwW
Electrical Characteristics Ta - 25°C
Item Symbol Condition Min Typ Max Unit
1D =2004A
Drain to source voltage Vosx Vais=0V 8 Y
VGes= -5V
VGis= -4V
Gate 1 cutoff current lg1ss Vazs =0V —20 uA
VDS =0V
VG2s = -4V
Gate 2 cutoff current la2ss VGis=0V -20 uA
VDs =0V
. VDs =5V
Drain saturation current* Ibss VG1s =0V 20 55 mA
VG2s =0V
VDS =5V
Gate 1 cutoff voltage Vais (OFF) 1D =1004A -1 -4 \
VG2s =0V
VDS =5V
Gate 2 cutoff voltage Va2s (OFF) I =1004A -1 -4 v
VG1S=0V
VDS =5V
Forward transfer admittance gm {,%2;:05"\}’“ 15 22 mS
f =1KHz
Input capacitance Ciss ,VE',JS :?XmA 05 10 pF
Reverse transfer capacitance Crss :/stz :,&xz 75 25 fF
Power gain PG Vos =5 16 20 dB
Noise figure NF 1\/&5:;0%\{\,1& 12 25 dB
* Classification
Rank Ipss Unit
3SK165-0 20—55 mA
35K165-1 20—35 mA
3SK165-2 30—55 mA
E89332-ST
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Mark Output characteristics
l:l L—_l (Ta=25°C, Ve25=1.5V, Ve1s=—0.5V/step)
100
_ VG1s=0V —
<
£ i 5
- —0.5V
: |
3 - 1.0V
£ |
s I
D o —1,5V
o -l
—2.0V
1
—2.5V
0 0 5 : 10
Vps - Drain to source voltage (V)
NF, Ga frequency dependence NF-Ip characteristics
(Vps=5.0V, VG2s=1.5V, I0=10mA) (Vps=5.0V, VG2s=1.5V, Frequency at 450MHz)
60 30 14
50 25 12
— Ya % o
8 40 0 ¢ T 10
z £ Y
: \ 4 :
2 k=2
2 30 15 § & o8 vd
3 \ g 3 \ /
§ 20 10 2 2. oe
\ <‘ w \_—/
w © = -
=z (U] 04
10 5
NF
02 w—
0 0 0 100 200 300
400 880 2000 | i
f - frequency (MHz) ID - Drain current (mA)

1

Application Circuit (Front-end amplifier)

4 35K 165
1000P x2

IF Out
3000
45MHZ

Voo
oV
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S-Parameters vs. Frequency characteristics
(Vps=5.0V, VG25s=1.5V, Ib=10mA)

150

+180° l0f=ol1c,Hz 0°
-90°
S-Parameter Data of FET 3SK165
Zo=50Q
Frequency S11 S21 S12 S22
MHz MAG ANG MAG ANG MAG ANG MAG ANG
100 .999 -1.60 2.065 177.40 0.0011 88.48 .961 -.77
200 .998 -2.97 2.044 172.69 0.0021 93.67 .961 -1.85
300 .999 -4.28 2.180 169.86 0.0023 105.04 971 -298
400 .993 -5.70 2.077 170.12 0.0049 89.67 .958 -3.51
500 989 -6.98 1.981 167.14 0.0054 83.41 .958 -4.17
600 .979 -8.16 1.999 161.04 0.0068 83.94 .960 -5.09
700 .969 -9.57 2.004 160.63 0.0082 83.47 .955 -5.68
800 .958 -10.84 1.957 159.23 0.0084 82.97 .955 -6.83
900 .948 -12.16 1.856 153.88 0.0091 79.56 .948 -7.22
1000 .938 -13.23 1.938 150.58 0.0106 78.17 .949 -8.58
1200 912 -15.27 1.789 147.43 0.0131 79.92 941 -10.37
1400 .877 -17.11 1.823 139.04 0.0151 74.26 .936 -12.06
1600 .841 -19.12 1.700 137.04 0.0156 78.12 .935 -13.26
1800 .805 -21.04 1.704 132.09 0.0171 77.47 .928 -13.91
2000 .756 -22.32 1.448 126.14 0.0176 76.07 .922 -14.46
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Noise figure characteristics
(Vos=5.0V, VG2s=1.5V, Ib0=10mA)
at 450MHz at 880MHz

150

50V

= Vos =50V
Va2s = 15V Vaes = 15V
o = 10mA o = 10mA
Frequency 450 MHz Frequency 880 MHz
NFmin  0.50 dB NFmin  086dB
Ga 23.83dB Ga 2370 dB
Gamma (8); MAG 0.799 ANG 7.78° Gamma (S); MAG 0.771, ANG 25 07°
Gamma (L); MAG 0.887 ANG 7.31° Gamma (L); MAG 0.830, ANG 21.84°
at 2000MHz
Frequency Ga NF Gamma- S Gamma- L
(MHz) (dB) |(dB)| MAG | ANG MAG | ANG
400 2354 1059|0824 316° |0910| 8.75°
450 2383 [050(0799| 778° |0887| 731°
500 2279 |047|0792| 1203° |0848| 1456°
880 23.70 (086|0771| 2507° |0830| 2184°
2000 1292 |160|0643 | 78,48° |0.559 | 4600°

Vos = 5.0V
Vees = 15V
Ib = 10mA

Frequency 2000 MHz
NF min  1.60 dB
Ga 12.91 dB
Gamma (S); MAG 0.643, ANG 78.48°
-150 Gamma (L); MAG 0.559, ANG 46.00°
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3SK166

GaAs N-channel Dual-Gate MES FET

Description Package Outline Unitt mm
3SK166 is a GaAs N-channel Dual-Gate MES FET 4 . Mold
for low noise UHF amplifiers. Low noise and high gain 2902 pin Plastie Mo
characteristics are accomplished by optimum mask 19
pattern design. Easier high frequency circuits adjust- (095) (085)
ments are made possible by the miniatunized plastic
molded package which contributes to reduce parasitic 1408
elements of the device. Q
Features gy 2 1y
e Low NF NF = 1.2 dB (Typ.) at 800 MHz i‘f.; EA
* High PG PG = 20 dB (Typ.) at 800 MHz = AT ~
* High Stability apl
0at8ds 061885
Structure (095) (085)
GaAs N-channel Dual-Gate MES (Metal Semiconductor) -
type FET. 18
1:Source
Applications 2:Gate 1
« UHF Amplifier, oscillator. 3:Gate 2
M-254 4:Drain
Absolute Maximum Ratings (Ta=25°C)
¢ Drain to source voltage Vosx 8 \'
* Gate 1 to source voltage Vais —6 \
« Gate 2 to source voltage Vazs -6 Vv
¢ Drain current Io 80 mA
« Channel temperature Tch 150 °C
« Storage temperature Tstg —-55to+150 °C
« Allowable power dissipation Po 150 mwW
Electrical Characteristics Ta=25°C
Item Symbol Condition Min Typ Max Unit
D =2004A
Drain to source voltage Vbsx VGi1s =0V 8 \
VG2s = -5V
VG1S§= -5V
Gate 1 cutoff current lg1ss VG2s =0V —20 A
Vbs =0V
VG2s = -5V
Gate 2 cutoff current lg2ss VGis=0V —20 uA
Vbs =0V
Vps =5V
Drain saturation current Ipss* VG1s=0V 20 80 mA
VG2s =0V
Vos =5V
Gate 1 cutoff voltage Vais (OFF) 1D =1004A -1 -4 \"
VG2s=0v
Vps =5V
Gate 2 cutoff voltage Vazs (OFF) 1D =1004A -1 -4 Y
VG1S=0V
Vps =5V A
Forward transfer admittance gm {/DGZS: :%"\‘/ 25 40 mS
=1KHz
Input capacitance Ciss Y[?S z??)/mA 13 20 pF
s VG2s =15V
Reverse transfer capacitance Crss f — {MHz 25 40 fF
Power gain PG YDDS :?(\)/mA 18 20 4B
Noise figure NF YGZS:QO%\IIVIHz 12 25 dB
* Classification
Rank loss Unit
35K166-0 | 20—80 mA
35K166-1 | 30—55 mA
3SK166-2 | 45—80 mA E89333-ST

—227 -



SONYe 35K166

Mark Output characteristics
(Ta=25°C, Ve25=1.5V, Ve1s=—0.2V/step)
100
<
. E
- ——— VG1s=0V
- ]
E 50 / :,03\,,
3 -0.4v
1
e —06v
o rd I
- -0.8Vv
’ —1.0v
-1.2v
0 I S —1.4v
0 5 10
Vps - Drain -to-source voltage (V)
NF, Ga frequency dependence NF-Io characteristics
(Vos=10V, Ve25s=1.5V, Io==10mA) (Vos=5.0V, Ve2s=1.5V, Frequency at 450MHz)
60 30
15
50 25
o \ g o " \
2 40 20 £ 2
g Y S 2,
3 3
o B 2
30 o & "é \
2 ] 2 09
g N L = X
T 20 0 < B
w | w 07
z N/ (] z B,
10 s 9
> 05
200 360 2600 00 100 20 300
£ - frequency (MHz) ID - Drain current (mA)

Application Example for Cellular System

!Iransmtzfmg
Hand Set iProces:

CXD1083Q CXD1082M
P e o
T 1] H
i t i
lEn- i | ©X23055-1

J— 1| coder [ Filter H4-1*1
1 1 I

——— b I PLL
i T - 1 !
LN rovyry M ; CX23055-1
P H Deplexer
! i ! ! veco
: L_-.._: :,_.___J '
MPU i i Data

i " 1
t |De- |11 |

[* T coder b—‘-l H Filter +
' i ! Amplifier
! i Ve FMIF al
_______ o LT o 3SK166
CXD1083Q  CXD1082M ‘6’ 35K165

> CXA1003M

Receiving Voice
Process

* DTMF (Dual Tone Mult: Frequency)
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S-Parameter vs. Frequency characteristics

(Vbs=5.0V, Ve2s=1.5V, Ib=10mA)

f=0.1GHz

0

0°

002
-90°
S-Parameter Data of FET 3SK166 Z0=50Q
Frequency S11 S21 S12 S22
MHz MAG ANG MAG ANG MAG ANG MAG ANG
100 .997 -4.90 3.815 173.47 0.0025 90.83 941 -1.80
200 .991 -9.59 3.745 165.74 0.0041 86.98 .939 -4.18
300 .998 -13.04 3.672 161.43 0.0095 84.23 979 -9.40
400 .959 -18.65 3.647 155.81 0.0105 82.44 .928 -8.23
500 .933 -22.47 3.471 149.90 0.0110 76.78 925 -944
600 904 -26.50 3.400 141.51 0.0134 76.78 926 -11.85
700 .873 -30.25 3.311 137.92 0.0153 72.93 913 -12.87
800 844 —-33.71 3.173 132.54 0.0160 73.56 912 -15.33
900 .814 -36.72 3.002 125.45 0.0172 69.08 .896 -16 30
1000 .780 -39.35 3.058 120.39 0.0189 66.18 .897 -18.80
1200 .707 —44.48 2.741 112.87 0.0217 65.07 .882 -22.55
1400 641 -49.20 2.636 103.06 0.0246 60.53 868 -2575
1600 .587 -52.59 2.412 95.81 0.0236 61.71 .863 —-28.06
1800 .520 -54.29 2.357 88.93 0.0245 62.06 .855 -29.88
2000 452 -57.35 2145 80.33 0.0239 60.92 834 -31.69
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35K166

Noise figure characteristics
at 450MHz

(Vbs=b5.0V, VG2s=1.5V, Ip=10mA)

at 880MHz
150

Vbs =50V Vos =50V
Vazs = 15V Va2s = 15V
o =10mA Ip = 10mA
Frequency 450 MHz Frequency 880 MHz
NFmin 060dB NFmin  078dB
Ga 2302 dB Ga 1925 dB
Gamma (S), MAG 0.559 ANG 26 73° Gamma (S); MAG 0.616, ANG 26.89°
at 2000MHz
50 Frequency Ga NF Gamma- S Gamma- L
(MHz) (dB) |[(dB) | MAG ANG MAG ANG
400 2431 |051|0689| 2139° |0902| 1407°
450 23.02 [060|0559| 2673° |0894 16 93°
500 2243 10660690 | 1949° [0894| 1793°
880 1925 (0780616 | 2687°
2000 1290 [(190|0542| 5114°
Vbs =50V
Ve2s = 15V
o = 10mA
Frequency 2000 MHz
NFmin  190dB
Ga 1290 dB

Gamma (S); MAG 0.542, ANG 51.14°
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SGM2004M

GaAs N-channel Dual Gate MES FET

Description

SGM2004M 1s an N<channel dual gate GaAs
MES FET for UHF band low-noise amplification.
This FET is suitable for a wide range of
applications including TV tuners, cellular radios
and DBS IF amplifiers.

Features

e Low voltage operation

e Low noise : NF=1.6 dB (Typ.) at 800 MHz
e High gain: Ga=18 dB (Typ.) at 800 MHz
® | ow cross-modulation

e High stability

® Built-in gate-protection diode

e Standard SOT-143 package

Application
UHF band amplifier, mixer and oscillator

Structure

Package Outline Unit : mm

2.0%02

(095)

1.9

(095)

11183

_ |0 1001

+04
0.4-005

06805 0407881

(085)

1.8

‘Source
Gate 1
.Gate 2
Drain

How e

M-254

GaAs N-channel dual gate metal semiconductor field effect transistor

Absolute Maximum Ratings (Ta=25°C)

e Drain to source voltage Vosx 12

e Gate 1 to source voltage Veis -5

e Gate 2 to source voltage Veas -5

e Drain current Ip 55

e Allowable power dissipation Pp 150

e Channel temperature Tch 150

e Storage temperature Tstg - 55 to + 150
Mark

HEN.

g

]

\Y

\%

\%
mA
mwW
°C
c

E88Z09-ST
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SONY. SGM2004M
Electrical Characteristics (Ta = 25°C)
Item Symbol Condition Min. Typ. Max. Unit
Ip =20 pA
Drain to source voltage VDsx VG1s = 0V 1 \
VG2s = — 4.0V
VGis = - 4.5V
Gate 1 cutoff current lg1ss VaG2s = OV -8 HA
Vps = OV
VG2s = — 4.5V
Gate 2 cutoff current lg2ss VGis =0V -8 uA
Vos = 0V
Gate 2 to drain cutoff current | G200 Ve2p =~ 12V -10 nA
Vps =5V
Drain saturation current lbss VGis =0V 8 28 mA
Va2s = OV
Vos = 5V
Gate 1 cutoff voltage VG1s (OFF) Io= 100 pA -25 \%
VGa2s = OV
'Vps = 5V
Gate 2 cutoff voltage VeGzs (OFF) Io= 100 pA -25 Vv
VG1s = 0V
Vps = 5V
. . Io=8mA
Forward transfer admittance am VG2s = 1.5V 11 15 mS
f=1KHz
. . Vos = 5V
Input capacitance Ciss 1D = 8mA 0.9 2 pF
. VaGas = 1.5V
Reverse transfer capacitance Crss f= 1MHz 25 40 fF
. . Vps = 5V
Noise figure NF 1D = 8mA 1.6 25 dB
Associated gain Ga ¥G=230=0:\/||5-!\§ 15 18 dB
Typical Characteristics (Ta =25%C)
Io vs. Vpbs Ib vs. Vais VSIZSSV
20 T 25 . |
(Vezs = 1.5V) (Vos =5V) y4,s
=|.$}l
Vais
< 15 L =0V < 20 05sv
£ £
b -0.4v et /
S S 15 ov
8 8
5 10 / 0.6V 5 /V
c c /| -
‘s -0.8V & 10 0.5v
o) ‘g /
_'9 5 —10v é /
oy 5 // -1.0v
o —14av -1.5v
o}
2 4 -20 15 S0 Y o

Vos — Drain to source voltage (V)

Vaeis — Gate 1 to source voltage (V)
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Ip vs Vaas gm vs. Vagis
25 T ~ 25 T T
(Vos = 5V) g (Vos =5V, f=1KHz)
[
~ 20 g 20
< 8
£ :
- VGis o
§ 15 A ov S s AN vers
3 / -0av 5 =15V
S o / -o6v s NV
‘® 7 < 10
a o ° \
| / -08v § \
o
—_— A b V
5 -1ov S s 95 <
I DY lE Lisv \\\mv
o P N —rov~<\ Yo sv
-20 -1.5 -10 -0.5 [5} -2 -9 o 1 2
Vezs — Gate 2 to source voltage (V) Vois — Gate 1 to source voltage (V)
NF vs. Vais Ga vs. Vgis
4 T 25
3
= Veas
/ 0.5V o S22y
g s g =
S <
e 8 15 \ 1.0V__|
=] \ 1.ov °
2, \\ ~ A 3
: A g
1% 153
o (o]
2 S ———] 1.5V g 0 5.5V
| <
w I
z | ©
O 5
(Vos =5V, f=800MHz) (Vos =5V, f=800MHz)
[ | (o} { 1
-1.6 -.2 -0.8 -04 0 0.4 -1.6 -2 -08 -04 0 0.4
Veis — Gate 1 to source voltage (V) Veis — Gate 1 to source voltage (V)
NF, Ga vs. Ip NF, Ga vs. f
3.0 25 30 25
- 20 © 25 20 @
~ 28 Ga__| —— = © I e L) c
a | 69~ 5 l\\ N
Z / c ~ c
2 20 15 © £ 20 15 &
- g 3 s
2 ﬁ N—l_nF E 2 & 2
= 2
@ T —— ‘o '2 / 8
3 15 10 & S s LT NE 0 3
z @2 7
) ‘I( I / <
L © z o
1.0 5 © 1.0 5 O
(Vos =5V, Vezs = 1.5V, f=800MHz) (Vos =5V, Vazs = 1.5V, Ib =8mA)
05 1 | | | | (o} 05 | | | o]
(o] 2 4 6 8 10 400 600 800 1000 1200
Io — Drain current (mA) f — Frequency (MHz2)
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Noise Figure Characteristics (Vos =5V, Vas = 1.5V, Ib=8 mA)

at 800 MHz

f Ga |[NFmin| NFso | Rn r (S r (L
(MHz) | (dB) | (dB) | (dB) | (Q) [ MAG | ANG | MAG | ANG
600 | 193 | 1.45 | 361 | 534 | .830 |17.3° | .862 | 1.3°
800 | 185 | 156 | 369 | 558 | .793 [222° | .895 | 5.8°
1000 | 164 | 1.77 | 373 | 60.3 | .714 |26.0° | 832 | 52°

S-parameters vs. Frequency Characteristics (Vos =5V, Vgzs = 1.5V, Ip=8 mA)

f S S21 S12 S22
(MHz) MAG ANG MAG ANG MAG ANG MAG ANG
100 1.00 -32° 1.50 175° .001 78.2° 978 -1.4°
200 .999 -6.3° 1.49 171° .003 89.2° 979 -23°
300 992 -97° 1.49 166° .004 92.7° 975 -33°
400 .981 -127° 1.48 162° .004 80.4° .970 -4.4°
500 974 - 15.8° 1.47 157° .006 82.4° .968 -53°
600 .967 -188° 1.47 153° .006 60.0° .966 -6.0°
700 .950 -221° 1.47 149° .008 78.7° .968 -7.2°
800 .939 -253° 1.46 144° .008 76.4° .965 -82°
900 .926 -285° 1.46 140° .010 78.1° .966 -9.4°
1000 911 -315° 1.46 135° .010 70.9° .965 -10.2°
1100 .894 -34.3° 1.46 131° .01 74.7° 976 -11.1°
1200 .863 -37.3° 1.45 126° .on 60.9° .953 -127°
1300 .843 - 406° 1.44 122° 012 745° 956 -137°
1400 .818 ~437° 1.43 17 .013 77.1° 952 -14.6°
1500 792 - 47.1° 1.417 113° .014 70.7° .950 -157°
1600 .769 -50.3° 1.40 108° .014 70.1° .944 -16.4°
1700 746 - 534° 1.38 104° .014 76.3° .946 -17.2°
1800 725 -56.5° 1.39 100° .014 79.2° .947 -182°
1900 .696 -59.2° 1.38 95.8° .015 76.2° .949 -194°
2000 .665 -61.8° 1.37 91.2° .015 74.6° .948 -204°
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SONY. SGM2006M/P

GaAs N-channel Dual Gate MES FET

Description Package Outline Unit : mm
SGM2006M /P 1s an N-channel dual gate
GaAs MES FET for UHF band low-noise SGM2006M
amplification. This FET 1s suitable for a wide 29%%2
range of applications including TV tuners, 18
cellular radios and DBS IF amplifiers. Lo85) £085)
Features 3
e Low voltage operation 3 [ ZN_ ~
e Low noise: NF=1.2 dB (Typ.) at 800 MHz e R
e High gain : Ga=22 dB (Typ.) at 800 MHz 7 — o
e High stability " M o
® Bulltin gate-protection diode 0.4-005 05-008
e Standard SOT-143 package (098 (085} 1 Source
1 2 Gate 1
Application 3.Gate 2
UHF band amplifier, mixer and oscillator 4 Dra:n
M-254
Structure
GaAs N-channel dual gate metal semiconductor SGM2006P
field effect transistor 2.9%02
1.9
Absolute Maximum Ratings (Ta = 25°C) L095) L028)
® Drain to source voltage 1.4°8%
Vbsx 12 \Y% g
e Gate 1 to source voltage al [l [HIERE
Vais -5 Vv EaE 10
® Gate 2 to source voltage b : <t
VGZS - 5 V +0.1 1 +0.1 +0.4
® Drain current o 55 mA 0.6-005 0.4-005 _-1{0.10-001
e Allowable power dissipation L0832 i £0892 1 source
Po 150 mW 2 Drain
® Channel temperature 3'Gate 2
Tch 150 °c 4 Gate 1
® Storage temperature M-255
Tstg —55 to +150 °C
Mark
SGM2006M SGM2006P
EBBZ10-ST
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SGM2006M P
Electrical Characteristics (Ta =25°C)
Item Symbol Condition Min. Typ. Max. Unit
Io=20 pA
Drain to source voltage Vbsx VGis = OV 1 \"
Vazs = — 4.0V
VGis=— 4.5V
Gate 1 cutoff current lG1ss Ve2s = 0V -8 A
Vbs = OV
VG2s = — 4.5V
Gate 2 cutoff current le2ss VG1s =0V -8 nA
Vps = OV
Gate 2 to drain cutoff current | 16200 VG2 = - 12V -10 A
Vps = 5V
Drain saturation current Ipss VGis =0V 10 35 mA
Va2s = 0V
Vbs = 5V
Gate 1 cutoff voltage VG1s (OFF) Ip =100 A -25 \Y
VaG2s = OV
Vps = 5V
Gate 2 cutoff voltage VaGzs (OFF) Ip =100 pA -25 \
VGg1s =0V
Vps = 5V
Forward transfer admittance gm IVD G:S]STQV 20 26 mS
f=1KHz
. . Vps = 5V
Input capacitance Ciss D= 10mA 1.1 3 pF
Reverse transfer capacitance Crss }/G:?;F}ZSV 28 40 fF
. . Vpbs = 5V
Noise figure NF 1D = 10mA 1.2 20 dB
Associated gain Ga }/2230:0:\/1?{\; 18 22 dB
Typical Characteristics (Ta =25%C)
Ip vs. Vbs Io vs. Veis
20 M Vozs = 1.5V) * \
(Vezs = 1. vers (Vos = 5V) ::(;52\/5
2 / =ov 20 "7 /osv
g ~0av £ / / ov
§ / § e e
% € 10
a a -
Io s -08V | // oev
= [a}
- s
-1ov | ————-0.9V
0 0
o 2 4 6 ~2.0 -1.5 —1.0 -05 o

Vos — Drain to source voltage (V)

Vois — Gate 1 to source voltage (V)
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Io vs. Vazs gm vs. Vais
25 T ~ 40 T T
(Vos = 5V) 4 (Vos =5V, f=1KHz)
~ 20 Vais 8 ey
T =ov § 30 Z= A\
p / £
§ '° -04v ®
5 3
© / @ 20
< o % _—1-06V S ‘,
s s ov
g / - /r\ os vess
a -o08v 2 0 =15V
e 5 \ \
w.
- | -05v
Lt 1 OV
0 T -t2v 3 o oV & 1.ov
-20 -1.5 -1.0 -05 0 2 = 0 1 2
Vezs — Gate 2 to source voltage (V) Vois — Gate 1 to source voltage (V)
NF vs. Veis Ga vs. Veis
4 T T T 25 T T
(Vos = 5V, f = 800MHz) Vazs (Vos = 5V, f = 800MHz)
=0.5V
~ 20 VSIZ.%V
a _
@ 3 N \\\
R
~ £
g S 15 1.0V
o / 1.0V kel /
-2 { 2
«©
8 \ V S 1o 0.5V
2 / 1.5V @
| <
5 '
S s
0 0
-6, -2 -0.8 -04 0 0.4 -6 -2 -08 -04 0 o4
Vois — Gate 1 to source voltage (V) Vois — Gate 1 to source voltage (V)
NF, Ga vs. Ip NF, Ga vs. f
30 T T T T T 25 30 T T T T T 30
(Vos =5V, Vezs = 1.5V, f =800MHz) (Vos =5V, Vezs = 1.5V, Ip = 10mA)
25 20 3 . 25 25 &
© Ga = - Z
) / H 2 Ga c
e /] ° g g
(3_712.0 15 '903 S’ 20 >< 20 -
- ] - 2
[ Q @ ©
@2 S 2 g
215 10 ¢ 215 5 3
! ~NF | T ! NE <
w
1.0 5 10 10 ©
05 o 05 S
(o] 2 4 6 8 10 400 600 800 1000 1200
Io — Drain current (mA) f — Frequency (MHz)
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Noise Figure Characteristics (Vos =5V, Veas = 1.5V, Ip=10 mA)

at 800 MHz

f Ga |NFmin| NF50 | Rn r (S r L
(MHz) | (dB) (dB) | (dB) Q) MAG | ANG | MAG | ANG
600 212 | 1.23 | 259 | 29.1 .823 (189° | 824 | 3.1°
800 208 | 1.26 | 259 | 29.2 | .804 |20.4° | .896 | 5.8°
1000 195 | 1.57 | 278 | 37.7 | .750 {24.2° | .865 | 3.9°

150

o, 1250

f S11 S21 S12 S22
(MHz) MAG ANG MAG ANG MAG ANG MAG ANG
100 1.00 -4.0° 263 174° .001 50.9° 976 -1.6°
200 .996 -80° 2,62 168° .002 84.7° 975 -28°
300 .985 -123° 2.61 163° .004 85.8° 971 -4.0°
400 .968 -16.0° 257 157° .004 77.0° .968 -52°
500 .953 -199° 255 152° .006 80.2° .965 -64°
600 .933 -24.1° 253 146° .006 84.4° .966 -78°
700 916 -276° 251 141° .007 75.3° .964 -87°
800 .895 -315° 2.49 135° .008 77.9° .963 -99°
3900 .872 -35.1° 247 130° .009 77.1° .962 -11.3°
1000 844 —-388° 245 125° .009 79.8° 961 -123°
1100 .819 -421° 242 119° .010 72.3° .959 -136°
1200 778 —448° 2.36 114° 010 75.4°. .955 -15.0°
1300 747 —489° 2.33 108° .010 76.0° .953 -165°
1400 713 -524° 229 103° .01 80.0° .950 -17.7°
1500 679 -55.7° 224 97.1° .o 74.2° .945 -19.1°
1600 .646 - 586° 2.18 92.1° .01 70.0° .939 -197°
1700 616 -615° 2.14 87.4° .012 76.5° .946 -209°
1800 .589 -63.8° 212 82.0° .012 836° .949 -221°
1900 .552 -657° 2.09 76.8° .012 81.7° 953 -237°
2000 517 -66.8° 2.06 71.3° .013 83.4° .956 -25.4°
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