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General Description

The DS8911 and DS8912 are digital Phase-Locked Loop
(PLL) frequency synthesizers intended for use as Local Os-
cillators (LO) in electronically tuned radios. The devices are
used in conjunction with a serial data controller, a loop filter,
some varactor diodes and several passive elements to pro-
vide the local osciltator 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 and DS8912 PLL’s on the other hand, utilize an up-
conversion technigue 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 spurious responses occur far beyond the range of
frequencies to be tuned. Sufficient selectivity and second IF
image protection 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 singie Voltage Controlled
Oscillator (VCO) operating between 98 and 120 MHz. (The
2 to 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 (DS8811) or 20
({DS8912) 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 (exter-
nally) with a reference frequency provided by the PLL to
obtain a 450 kHz second IF frequency. The DS8S11 derives
the 450 kHz second IF by mixing an 11.55 MHz first iF with
a 12.00 MHz reference frequency. The DS8412 derives

the 450 kHz second IF by mixing a 4.45 MHz first IF with a
4.00 MHz reference frequency.

FM and WB (weather band) tuning is done using the con-
ventional down conversion approach. Here the VCO signal
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 DS8911 was designed to utilize an 11.55 MHz crystal
filter because of its superior phase noise and temperature
drift characteristics. The DS8912 on the other hand was
designed to utilize a 4.45 MHz ceramic filter for cost savings
in applications not requiring high performance.

Both PLLs provide 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 and DS8912 contain the following logic ele-
ments: a voltage controlled oscillator, a reference oscillator,
a 14-bit programmable dual-modulus counter, a reference
frequency divider chain, a premix divider, a mixer, a phase
comparator, a charge pump, an operational amplifier, and
control circuitry for latched serial data entry.

Features

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

Serial data entry for simplified processor control

10, 12.5, 25, and 100 kHz reference frequencies

8 possible tuning resolutions (see Table II)

An op amp with high impedance inputs for loop filtering
Programmable mixer with high dynamic range

Fast-iock feature for Automatic Road Information (ARI)

systems
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Connection Diagrams
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Order Number DS8911M, DS8911N, DS8911V, DS8912M, DS8912N or DS8912V
See NS Package Number M243, N24C or V28A

Note: Device pins marked with an asterisk (*) are not guaranteed to meet the NSC standard requirement for Electrostatic Discharge (ESD) protection of 2000 volts.
The functional requirements of the application prohibit the additional resistive or capacitive components required for ESD protection on these pins.

Pin Descriptions

Veet: The Vet pin provides a 5V supply source for ail
circuitry except the reference divider chain, op amp and mix-
er sections of the die.

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

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

Veem: The Veom 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 loop re-
sponse mode, 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 mede 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 361 minimum modulus constraint of
the 31/32 dual moduius 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 external resistors.

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 Vg

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, while the DS8912 requires a 4
MHz crystal.

The OSC input signal is mixed externally with the 1st AM IF
cutput to obtain a 450 kHz 2nd IF frequency in the AM
mode.

2 MiHz: The 2 MHz output is provided to drive a controller’s
clock input.
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DS8911/DS8912

Pin Descriptions (continued)

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 .5 mA to 1.5 mA by connection of an
extenal 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 it's negative in-
put is common with the CPO output.

Reference Tables psso11 (Dss912)
TABLE |

Bit 15 Premix Modulus
0 +1
1 +10(+20)
TABLE Il
Bit Reference Tuning Resolution
16 | 17 | Freauency | . 4 premix | + 10 (= 20) Premix
0|0 10 kHz 10 kHz 1(.5) kHz
0|1 12.5 kHz 12.5 kHz 1.25 (.625) kHz
1 0 25 kHz 25 kHz 2.5 (1.25) kHz
1 1 100 kHz 100 kHz 10 (5) kHz
TABLE Il
Bit 18 Loop Response
0 Normal Lock
1 Fast Lock
FAST LOCK OPERATION

The fast lock mode provides a means of moving from one
frequency selection to another frequency selection any-
where on the band in a very short time frame. This is ac-
complished by setting a bit in the microprocessor serial data
stream when loading a new frequency. When fast lock is
activated the charge pump output (CPO) is latched into the
pump up or down state, which drives the CPO at the maxi-
mum rate to correct the VCO frequency. The PLL mean-
while operates in a frequency lock mode, constantly com-
paring the frequencies and reducing any phase discrepan-
cies. When the VCO passes beyond the desired lock fre-
quency the CPO unlatches and reverts back to the phase
lock mode of operation. The frequency lock mode of opera-
tion (during CPO latchup) ensures that the phases are al-
ways close and will quickly settle into phase. lock once the
CPO unlatches.

TABLE IV
Bit 19 Timer
0 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
cycle the timer’s BIT 24 output will finish out the 300 ms
pulse. Readdressing the device with bit 19 “HI”" 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 Vcc,
power up as a result of a timer reset in progress.

TABLE V
Bit FUNCTION OF
20 21 PINS 3,4,&5
[¢] 0 Status of Bits 22-24
(o] 1 Test mode 1
1 0 Test mode 2
1 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, monitor the reference divider
input to the phase comparator, and reset the fast lock latch.
BIT 22 positive edge clocks the 10 kHz reference divider
chain if the 10 kHz output is preconditioned HlI. BIT 22 also
positive edge clears the fast lock latch condition. Bit 23 pos-
itive edge clocks the 50 Hz divider chain. BIT 24 is the refer-
ence divider negative edge trigger input to the phase com-
parator.
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(=
Absolute Maximum Ratings (ote 1) 8
Specifications for Military/Aerospace products are not Storage Temperature Range —65°Cto +150°C 8
contained in this datasheet. Refer to the associated Lead Temp. (Soldering, 10 seconds) 300°C =
reliability electrical test specifications document. 8
Supply Voltage Operating Conditions S
xCCM 73 Min Max Units o
voot ; ;v Veem 35 5.5 v
' CC\}? " v Ve 45 5.5 \Y
nput Voitage Voo 7.0 12.0 v
Output Voltage Temperature, Tp —40 +85 °C
Logic 7v
Op Amp and Mixer Outputs 15V
DC Electrical Characteristics (Notes2and 3)
Symbol Parameter Test Conditions Min Typ Max | Units
ViH Logic “1” Input Voltage 2.0 Vv
ViL Logic “0” Input Voltage 0.8 \"
It Logic “1” input Current Vin = 5.5V 10 nA
he Logic 0" Input Current Data, Clock and Enable Inputs, VN = 0V —-10 RA
VoH Logic “1” 2 MHz loH = —20 pA Veem—0.3 \
Output Voltage Ton = —400 A Voom—2 v
Op Amp loH = —1.56mA Vcep,—1.5 v
VoL Logic “0" 2 MHz loL = 20 pA 0.3 \
Output Voltage loL = 400 pA 04 v
50 Hz loL = 250 pA 0.3 \
Bit Outputs | lo, = 1 mA 0.3 \
Op Amp loL = 1.5mA 1.5 \
VBIAS Op Amp Input VA Op Amp I/0 Shorted, Vo1 = 5.5V, Vogz = 12V, 150 mv
CPO = TRI-STATE®, Op Amp IpH vs. loL Applied
lcex High Level Bit Outputs | Vcoy = 4.5V, Vo = 8.8V 100 HA
Output Current g Voo = 85V, Vo = 6.5V 10 | pA
Mixers Vcep = Veey = 4.5V, Vp = 8.8V 100 MA
lcpo Charge Pump Program 0.5 mA <lgpo < 1.5mA Pump-up ~20 2 lproG | +20 %
Current 2 lprog = Vecy4/RePROG! —
Measured |PRO& to CPO Pump-down 20 2lprog | +20 %
TRI-STATE 0 100 nA
lcom Veom Supply Current Vcoom = 5.5V 0.5 1.0 mA
lcc1 + | Voe1 + Voo Vee = 5.5V, Bits Hi, Imxg and lpgog Open 25 35 mA
IccL Supply Current
lcce Vcez Supply Current Veoz = 12V 1.5 2.5 mA
Rin Mixer input Impedance IMxr = 2.5 mA TBD 0
IMxr = 7.5 mA TBD Q
RouTt Mixer Output Impedance IMxr = 2.5 mA T8D Q
IMxr = 7.5 mA T8D Q
Sm Mixer Transconductance IMxR = 2.5 mA 78D mhos
IMxr = 7.5 mA TBD mhos
NF Noise Figure IMxr = 2.5 mA, Rg = 500 TBD dB
IMxr = 7.5 mA, Rg == 10Q TBD dB
XMOD | Cross Modulation IMxr = 2.5 mA T8D mVRms
IMXR = 7.5 mA TBD mVRms
IMXR Mixer Current Veoet1 = 5.5V 1 7.5 mA
VCOmax | VCOmax frequency 225 MHz
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 shouid be operated at these limits.
Note 2: Unless ctherwise specified, min/max limits apply across the - 40°C to -+ 85°C temperature range for DS8911 and DS8912.
Note 3: All currents into device pins are shown as positive, out of device pins as negative, all voltage referenced to ground uniess otherwise noted. All values
shown as maximum or minimum on absolute value basis.
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DS8911/DS8912

AC Electrical Characteristics (Note 2)

Symbol Parameter Conditions Min Max Units
tr 20% ~80% Rise Time 200 ns
1t 80%-20% Fall Time 200 ns
DATAsy Data Setup Time 100 ns
DATAH Data Hold Time Voo, = 45V 105.5V 100 ns
ENsu Enable Setup Time 100 ns
ENp Enable Hoic Time 100 ns
ENpw + Enable Positive Pulse Width 200 ns
CLKpw + Ciock Foillive Pulse Wi 200 ns
CLKpw — Clock Negative Pulse Width 200 ns

Note 1: “Absolute Maximum Ratings” 2re those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”,
they are not meant to impiy that the : ated at tiese fimits.

Note 2: Uniess oth o +85°C temperature range for DS8911 and DS8912.

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

specified, min/max Lmi - 3G°C
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O
TABLE VI. DS8911 Tuning Characteristics 'o’.?
IF Tuning VvCO Premix Reference Tuning Ima S
Mode Frequency Range Range Modulus Frequency Resolution (Mngt)a .y
(MHz) (MHz) (MHz) (kHz) (kHz) o
LW 11.565/.450 .145-.290 112.4-114.1 10 10 1 22-23 g
MW 11.55/.450 .515-1.61 99.4-110.2 10 10, 12.5, 25, 100 1,1.25,2.5,10 21-23 ’—$
SW 11.55/.450 5.94-6.2 53.5t0 56.1 10 10,12.5, 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 10.7 162.4-162.6 151-152 1 12.5,25 125,25 140-142
TV, 10.7 59.75-87.75 70.45-98.45 1 25 25 81-109
TV2 10.7 179.75-215.75 169.1-205.1 1 25 25 168-194
TABLE VII. DS8912 Tuning Characteristics
IF Tuning vCO . Reference Tuning
Mode Frequency Range Range I\r;zr:llt:(s Frequency Resolution '("u:'gz?
(MHz) (MHz) (MHz) (kHz) (kHz)
Lw 4.45/.450 .145-.290 91.9-94.8 20 10 5 13-14
MW 4.45/.450 .515-1.61 99.6-121.2 20 10, 12.5, 25, 100 .5,.625,1.25,5 14-17
Sw 4.45/.450 5.94-6.2 207.9-213.1 20 25,100 1.25,5 14-16
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 10.7 162.4-162.6 151-152 1 125,25 125,25 140-142
Input and Output Schematics
IF OUTPUTS
H MIXER MIXER
—9 1 +- ' I 21 Ivcc1
:;20kn
vCOoB H
PREMIX
o VCO
IMXR PREMIX
[+ -t |/ veor [ 27—
M IX ER 5k Sk
@ =
RF= RF+ 1000 » 22 | GND1
1000
INPUTS TL/F/7398-12
2000
{ 2 I GNDL
TL/F/7398-11
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Input and Output Schematics (Continued)

DS8911/DS8912
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DS8911/DS8912

Logic Diagram
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Typical Application

AM/FM ETR Radio Application

DS8911/DS8912
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