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DS8911/DS8913 AM/FM/TV Sound
Up-Conversion Frequency Synthesizer

General Description

The DS8911 is a digital Phase-Locked Loop (PLL) frequen-
cy synthesizer intended for use as a Local Oscillator (LO)in
electronically tuned radios. The device is used in conjunc-
tion with a serial data controller, a loop filter, some varactor
diodes and several passive elements to provide the local
oscillator function for both AM and FM tuning.

The conventional superheterodyne AM receiver utilizes a
low IF or down conversion tuning approach whereby the IF
is chosen to be below the frequencies to be received. The
DS8911 PLL on the other hand, utilizes an up-conversion
technique in the AM mode whereby the first IF frequency is
chosen to be well above the RF frequency range to be
tuned. This approach eliminates the need for tuned circuits
in the AM frontend since the image, half IF, and other spuri-
ous responses occur far beyond the range of frequencies to
be tuned. Sufficient selectivity and second IF image protec-
tion is provided by a crystal filter at the output of the first
mixer.

A significant cost savings can be realized utilizing this up-
conversion approach to tuning. Removal of the AM tuned
circuits eliminates the cost of expensive matched varactor
diodes and reduces the amount of labor required for align-
ment down from 6 adjustments to 2. Additional cost savings
are realized because up-conversion enables both the AM
and FM bands to be tuned using a single Voltage Controlled
Oscillator (VCO) operating between 98 and 120 MHz. (The
2to 1 LO tuning range found in conventional AM down con-
version radios is reduced to a 10% tuning range; 9.94 MHz
to 11.02 MHz).

Up-conversion AM tuning is accomplished by first dividing
the VCO signal down by a modulus 10 to obtain the LO
signal. This LO in turn is mixed on chip with the RF signal to
obtain a first IF at the MIXER output pins. This first IF after
crystal filtering is mixed (externally) with a reference fre-
quency provided by the PLL to obtain a 450 kHz second IF

frequency. The DS8911 derives the 450 kHz second IF by
mixing an 11.55 MHz first IF with a 12.00 MHz reference
frequency.

FM and WB (weather band) tuning is done using the con-
ventional down conversion approach. Here the VCO signat
is buffered to produce the LO signal and then mixed on chip
with the RF signal to obtain an IF frequency at the MIXER
output pins. This IF frequency is typically chosen to be 10.7
MHz although placement at 11.50 MHz can further enhance
AM mode performance and minimize IF circuitry.

The PLL provides phase comparator reference frequencies
of 10, 12.5, 25, and 100 kHz. The tuning resolutions result-
ing from these reference frequencies are determined by di-
viding the reference by the premix modulus. Table Il shows
the tuning resolutions possible.

The DS8911 contains the following logic elements: a volt-
age controlled oscillator, a reference oscillator, a 14-bit pro-
grammable dual-modulus counter, a reference frequency di-
vider chain, a premix divider, a mixer, a phase comparator, a
charge pump, an operational amplifier, and control circuitry
for latched serial data entry.

The DS8913 includes all the above logic elements except
that it requires a 10 MHz reference frequency instead of
12 MHz.

Features

| Direct synthesis of LW, MW, SW, FM, and WB
frequencies

m Serial data entry for simplified processor control

® 10, 12.5, 25, and 100 kHz reference frequencies

B 8 possible tuning resolutions (see Tabie 1)

= An op amp with high impedance inputs for loop filtering

® Programmable mixer with high dynamic range
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DS8911/DS8913

Connection Diagram
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Order Number DS8911V/DS8913V
See NS Package Number V28A

Pin Descriptions

Vee1: The Vogy pin provides a 5V supply source for all
circuitry except the reference divider chain, op amp and mix-
er sactions of the die.

Veea: The Veee pin provides a 12V supply source for the
Op amp.

Veew: The VegL pin provides an isolated 5V supply source
for the premix divider and mixer functions.

Veem: The Veowm pin provides a 5V supply source for the
reference oscillator and divider chain down through the 50
Hz output, thus enabling low standby current for time-of-day
clock applications.

GND1, GND2, GNDL and GNDM: Provide isolated circuit
ground for the various sections of the device.

DATA and CLOCK: The DATA and CLOCK inputs are for
serial data entry from a controller. They are CMOS inputs
with TTL logic thresholds. The 24-bit data stream is loaded
into the PLL on the positive transition of the CLOCK. The
first 14 bits of the data stream select PLL divide code in
binary form MSB first. The 15th through 24th bits select the
premix modulus, the reference frequency, the bit output
status, and the test/operate modes as shown in Tables |
through V.

ENABLE: The ENABLE input is a CMOS input with a TTL
logic threshold. The ENABLE input enables data when at a
logic “one” and latches data on the transition to a logic
“‘zero”.

BIT Outputs: The open-collector BIT outputs provide either
the status of shift register bits 22, 23, and 24 or enable
access to key internal circuit test nodes. The mode for the
bit outputs is controlled by shift register bits 20 and 21. In
operation, the bit outputs are intended to drive radio func-
tions such as gain, mute, and AM/FM status. These outputs
can also be used to program the loop gain by connection of
an external resistor to IPROG. Bit 24 output can also be
used as a 300 millisecond timer under control of shift regis-
ter bit 19. During service testing, these pins can be used for
the purpose of either monitoring or driving internal logic
points as indicated in the TEST MODES description under
Table V.

VCOb and VCOe: The Voltage Controlled Oscillator inputs
drive the 14-bit programmable counter and the premix divid-
er. These inputs are the base and emitter leads of a transis-
tor which require connection of a coil, varactor, and several
capacitors to function as a Colpitts oscillator. The VCO is
designed to operate up to 225 MHz. The VCO’s minimum
operating frequency may be limited by the choice of refer-
ence frequency and the 961 minimum modulus constraint of
the 31/32 dual modulus counter.

RF+ and RF—: The Radio Frequency inputs are fed differ-
entially into the mixer.

IMXR: The bias current for the mixer is programmed by con-
nection of an external resistor to this pin. The total mixer
output current equals 4 times the current entering this pin.

MIXER and MIXER: The MIXER outputs are the collectors
of the double balanced pair mixer transistors. They are in-
tended to operate at voltages greater than Vccy.

OSCb and OSCc: The Reference Oscillator inputs are part
of an on-chip Pierce oscillator designed to work in conjunc-
tion with 2 capacitors and a crystal resonator. The DS8911
requires a 12 MHz crystal to derive the reference frequen-
cies shown in Table Il. The DS8913 requires 10 MHz crystal.

The 12 MHz OSC signal is also used externally as the 2nd
AM LO to obtain a 450 kHz 2nd IF frequency in the AM
mode.

2 MHz: The 2 MHz output is provided to drive a controller’s
clock input.

50 Hz: The 50 Hz output is provided as a time reference for
radios with time-of-day clocks.

IPROG: The IPROG pin enables the charge pump to be
programmed from 0.25 mA to 1.0 mA by connection of an
external resistor to ground.

CPO: The Charge Pump Output circuit sources current if the
VCO frequency is high and sinks current if the VCO frequen-
cy is low. The CPO is wired directly to the negative input of
the loop filter op amp.

OP AMP: The OP AMP output is provided for loop filtering.
The op amp has high impedance PMOS gate inputs and is
wired as a transconductance amplifier/filter. The op amp’s
positive input is internally referenced while its negative input
is common with the CPO output.
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Reference Tables
TABLE |

Bit 15 Premix Modulus

0 +1

1 +10

TABLE Il

cycle the timer's BIT 24 output will finish out the 300 ms
pulse. Readdressing the device with bit 19 “H|" before the
timer finishes its cycle will extend the BIT 24 output pulse
width by 300 ms. Addressing should be performed immedi-
ately after the 50 Hz output transitions “HI”’. BIT 24’s output
state is not guaranteed during the first 300 ms after Ve,
power up as a result of a timer reset in progress.

TABLEV

Reference Tuning Resolution

Bit FUNCTION OF

16 | 17 | Frequency

=+ 1 Premix =+ 10 Premix

20 21 PINS 3,4,& 5

10 kHz 10 kHz 1 kHz

Status of Bits 22-24

12.5 kHz 12.5 kHz 1.25 kHz

Test mode 1

25 kHz 2.5 kHz

1 Test mode 2

(o]
1
0 25 kHz
1

100 kHz 100 kHz 10 kHz

TABLE Il

Bit 18 Mode

0 Normal Operation*

Production Test

1 Mode Only

*The user should always load Bit 18 low.

TABLE IV

Bit 19 Timer

4] Bit 24 Status

1 Bit 24 for 300 ms

TIMER OPERATION

The timer function is provided for use as a retriggerable
“‘one shot” to enable muting for approximately 300 millisec-
onds after station changes. The timer is enabled at bit 24’s
output if the normal operating mode is selected (shift regis-
ter bits 20 and 21 = “LOW”) and shift register bit 19 data is
latched as a ““HI". The timer's output state will invert imme-
diately upon latching bit 19 “HI” and remain inverted for
approximately 300 milliseconds. If the user readdresses the
device with bit 19 data “LOW” before the timer finishes its

- |O|=|O

1 Test mode 3

TEST MODE OPERATION

Test Mode 1: Enables the BIT output pins to edge trigger
the phase comparator inputs and monitor an internal lock
detector. BIT 22 negative edge triggers the reference divid-
er input of the phase comparator if the reference divider
state is low. BIT 23 provides the open collector ORing of the
phase comparator's pump up and down outputs. BIT 24
negative edge triggers the N counter input of the phase
comparator if the N counter state is preconditioned low.
Test Mode 2: Enables the BIT outputs to clock the pro-
grammable N counter, monitor its output, and force either its
load or count condition. BIT 22 provides the N counter out-
put which negative edge triggers the phase comparator and
which appears low one N counter clock puise before it re-
loads. BIT 23 positive edge triggers the N counter’s clock
input if the prescaler’s output is preconditioned Hi. BIT 24
clears the N counter output so that loading will occur on the
next N counter clock edge.

Test Mode 3: Enables the BIT outputs to clock the 50 Hz
and 10 kHz reference dividers and monitor the reference
divider input to the phase comparator. BIT 22 positive edge
clocks the 10 kHz reference divider chain if the 10 kHz out-
put is preconditioned HlI. BIT 23 positive edge clocks the 50
Hz divider chain. BIT 24 is the reference divider negative
edge trigger input to the phase comparator.
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DS8911/DS8913

Absolute Maximum Ratings (Note 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Storage Temperature Range

~65°C to +150°C

Lead Temp. (Soldering, 10 seconds) 300°C
Office/Distributors for availabllity and specifications.
Supply Voltage Operating Conditions
Veem ™ Min Max Units
Veer v
Ve 15V Vcom 3.5 55 Vv
Input Voltage v Vet 4.5 5.5 v
Output Voltage Vcea 7.0 12.0 v
Logic v Temperature, Tp —40 +85 °C
Op Amp and Mixer Outputs 15V Mixer Igjas
ESD Sensitivity 1000V (Mixer + Mixer Current) 1 20 mA
DC Electrical Characteristics (Notes 2 and 3)
Symbol Parameter Test Conditions Min Typ Max | Units
VIH Logic “1” Input Voltage 2.0 \'
ViL Logic “0” Input Voltage 0.8 \
[ITe] Logic “1” Input Current ViN = 5.5V 10 MA
Iy Logic “1” Input Current Data, Clock and Enable Inputs, V| = 7V 100 MA
e Logic ““0” input Current Data, Clock and Enabie Inputs, Vi = 0V —10 nA
VOH Logic “1" 2 MHz IoH = —20 pA Veom—0.3 \"
Output Voltage loH = —400 pA Voem—2 v
Op Amp loH = —1.0mA Veee—1.5 Vv
VoL Logic “0” 2 MHz loL = 20 pA 0.3 \
Output Voltage loL = 400 pA 04 v
50 Hz loL = 250 pA 0.3 v
Bit Outputs | lo,. = 1 mA 0.3 v
Op Amp lor = 1.0mA 15 \
VBIAS Op Amp Input VA Op Amp I/0 Shorted, Vo1 = 5.5V, Voge = 12v, 200 mv
CPO = TRI-STATE®, Op Amp IpH vs. log Applied
IcEX High Level Bit Outputs | Vco1 = 4.5V, Vp = 8.8V 100 nA
Output Current 257 Voom = 3.5V, Vo = 5.5V 10 | pA
Mixers VeeL = Voot = 4.5V, Vg = 12V 100 MA
lcPo Charge Pump Program 0.25 mA < Igpp < 1.0 mA Pump-up —30 2lproGg | +30] %
Current fﬂg’;s?‘?e:,;’ggc‘;/g%“gg' Pump-down ~30 | 2lprog | +30| %
TRI-STATE 0 100 nA
lcom Vcem Supply Current Vceom = 5.5V, OSCC = High 0.5 1.0 mA
(Static)
lcc1 + | Vecr + VeoL Vee = 5.5V, Bits Hi, Iqxr and lprog Open 25 35 mA
lcoL Supply Current
lcc2 Vcez2 Supply Current Veee = 12V 1.5 2.5 mA
:\;:;(\esr ?:All]):reern-tk(hﬁgégr“) Vce1 = VooL = 5.5V, Mixer = Mixer = 12V —25 xR | +25 %
RFiN Mixer Input Max Mixer Igjas = 20 mA 300 mVrms
Signal Level RF+ or RF — Signal Level

Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. Except for ““Operating Temperature Range”,
they are not meant to imply that the device should be operated at these limits.

Note 2: Uniess otherwise specified, min/max limits apply across the —40°C to +85°C temperature range.

Note 3: All currents into device pins are shown as positive, out of device pins as negative, ail voltage referenced to ground unless otherwise noted. All values
shown as maximum or minimum on absolute value basis.

Note 4: Total mixer output current (Mixer + Mixer) = 4 times the current into the Iyxg pin.
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AC Electrical Characteristics (Note 2)

[
g
Symbol Parameter Conditions Min Typ Max Units <
4 20%-80% Rise Time 200 ns g
t 80%-20% Fall Time 200 ns ©
DATAgy Data Setup Time 100 ns @
DATAH Data Hold Time Voot = 4.5V to 5.5V 100 ns
ENsy Enable Setup Time 100 ns
ENy Enable Hold Time 100 ns
ENpw + Enable Positive Pulse Width 200 ns
CLKpw + Clock Positive Pulse Width 200 ns
CLKpw— Clock Negative Pulse Width 200 ns
VCO fmax VCO Max Frequency See Typical Wiring Diagram 20 225 MHz
OSC fmax Reference Oscillator Veem = 3.5V 12 MHz
Max Frequency

Timing Diagram

ENpwe
A/
cm ! enaeie N 1.5V

I ENgy ENy ClKpw- CLKpwe

v
Ccv' CLOCK 1.5v

—-I ]-—QR,!, DATAg DATA
v‘;‘;’ DATA 1.5V )

TL/F/7398-10

MICROWIRET™ Bus Format

DATA IIIOI IIOIIIO OII IIO Ol1|0

ENABLE I.I

PREMIX SELECT

BIT 22 OUTPUT / / / / / / VAl
BIT 23 OUTPUT / / / / / / /1
BIT 24 OUTPUT / / / / / / / 300 MS—|
1 2 eee 13 16 17 20 21|22 23 24
BIT POSITION MSB 4N CODE Lse jJ
BIT OUTPUTS
REFERENCE FREQUENCY SELECT TEST MODE CONTROLS

PRODUCTION TEST 8IT TIMER CONTROL
TL/F/7398-19
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o
g TABLE VI. DS8911 Tuning Characteristics
IF Tuning vco Reference Tuning
Q Mode Frequency Range Range MP;::‘::S Frequency Resolution I(:;g;
- (MH2) (MHz) (MH2) (kHz) (kHz)
g Lw 11.55/.450 .145-.290 112.4-114.1 10 10 1 22-23
o MW 11.55/.450 .515-1.61 99.4-110.2 10 10, 12.5, 25, 100 1,1.25,25,10 21-23
SW 11.55/.450 5.94-6.2 53.5 to 56.1 10 10, 125,25 1,1.25,25 28-30
FM 10.7 87.4-108.1 98.1-118.8 1 10, 12.5, 25, 100 10, 12.5, 25, 100 109-130
wB 10.7 162.4-162.6 161-152 1 125,25 125,25 140-142
TV, 10.7 59.75-87.75 70.45-98.45 1 25 25 81-109
TVz 10.7 179.75-215.75 169.1-205.1 1 25 25 158-194
Input and Output Schematics
MIXER 1 g l
1 v
MIXER MIXER OUTPUTS | 6 I WIXER
v
Vg l N }_‘ _}
PREMIX
|) PREMIX
4
INXR
RF= RF+
INPUTS
200 100 100
7
GNDL
R 208 ea
= “WxeR lus
| RESIST ULATION
e oR euLdl " TL/F/7398-11
Ha] v
) vVCO
3.2k0
22 | onp1
TL/F/7398-12

6-26

Power ed

by 1 Cmi ner.com El ectronic-Library Service CopyRi ght 2003




Input and Output Schematics (continueq)
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TL/F/7398-17
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Logic Diagram
DS8911/DS8913 PLL Synthesizer

DS8911/DS8913
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Note 1: The 14 bit programmable N counter is a dual modulus counter with 31/32 prescaler. The minimum continuous modulus of the N counter is 961.
(There are a limited number of valid modulus codes below 961.)

*The DS8913 has + 5§

Typical Application Diagram
AM/FM ETR Radio Application
ANTENNA

FM AMP DISPLAY N
’ LOOP DRIVER »| OISPLAY
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-~
AM AMP

E DSPBL?.“ SERIAL DATA MICROPROCESSOR
2 MHz CLOCK
h
11
12MHz ||
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11.50 MHz CRYSTAL 450 KHz FRONT
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T l CONTROL
A
11.55 MHz o oamzd | oamr & AM
CRYSTAL FILTER > wixer | DETECTOR AUDIO
11.50 MHz M IF & M
CERAMIC FILTER g DETECTOR > .ubio

TL/F/7388-6
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Wiring Diagrams

Configuration Using PLL and First Mixer Functions
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