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SC11328 
Programmable Frequency Synthesizer (PFS) 

FEATURES 

D Output frequencies up to a 
maximum of 100 MHz. 

D High resolution frequency 
synthesis. 

D Digitally programmable high 
resolution phase locked 
frequency. 

D Dynamically programmable 
frequency. 

GENERAL DESCRIPTION 

The SC11328 is a CMOS Frequency 
Synthesizer. This part utilizes two 
14-bit programmable Counters, 
an on chip oscillator (which 
requires an external crystal), a 
voltage~ontrolled oscillator and a 
phase detector to generate a 1 MHz 
to 100 MHz clock. The SCl1328 is 
digitally programmed through a 
serial interface to provide clock 
frequencies with an accuracy of 
14-bits. The device can be imple-

BLOCK DIAGRAM 

D Internal mask programmable 
ROM for fixed frequency 
configuration 

D Microprocessor compatible 
serial digital interface. 

D 24-pin DIP or 28-pin PLCC. 
D Pin compatible with SC22318 E2 

device 

mented in a fixed configuration 
with the counter divide ratio 
stored in a mask programmable 
on~hip ROM. In a microprocessor 
based system, it can be dynami­
cally programmed to the applica­
tion requirement. The part can also 
be operated as two independently 
programmable 14-bit dividers. 
The SCl1328 is available in both 
24-pin DIP and 28-pin PLCC 
packages. 
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PIN DESCRIPTION 

PIN NO. PIN NO. PIN 
DIP PLCC NAME FUNCTION 

1 2 FOur Voltage controlled oscillator output. 

2 3 DVcc Digital power supply. 

3 4 DGND Digital ground. 
-

4 5 EN VCO enable pin (Active low). 

5 6 Ourl Output of divider "M". 

6 7 0UT2 Output of divider "N". 

7 9 AVcc Analog power supply. 

8 10 ~w Resistor to set VCO bandwidth (driven by VCOIN). 

9 11 FILTER Phase locked loop filter. 

10 12 VCOIN Input of VCO. 

11 13 ~EQ Resistor to set VCO free running frequency (~. 

12 14 AGND Analog ground. 

13 16 RCH Resistor to set the charge pump current 0.25 V). 

14 17 SEl Mode select pin. For SEl = High, source of divide ratios is mask 
programmable ROM. For SEl = low, source of divide ratios is internal 
registers. 

15 - - Not used. 

16 19 XTLOUT Crystal oscillator output pin. XTlOUT and XTLIN connect to a crystal 
to generate a crystal locked clock for the chip. If a suitable clock is 
already available in the system the XTLIN pin can be driven. 

17 20 XTLIN Crystal oscillator input pin. 

18 21 ClKIN Input to divider "N". 

19 23 CNT Straight divider select pin. When CNT = low, Pll mode is disabled 
and straight divider mode is enabled. 

20 - - Not used. 

21 25 I/O Serial interface input/ output. 

22 26 RD Serial interface read signal. During low period of this signal the data 
in the internal shift register is shifted out through the I/O pin. 

23 27 WR Serial interface write signal. During low period of this signal the data 
is shifted in the internal shift register from the I/O pin. 

24 28 SClK Serial interface clock signal. 
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FUNCnONAL DESCRIPTION 

Chip Architect ... 

The block diagram of the SCl1328 is 
shown on Page 1 Fig. 1. It consists of 
two programmable 14-bit dividers, 
a crystal oscillator, a Phase-Locked 
Loop (PLL) system, a serial micro­
processor interface, a metal mask 
programmable ROM, and a Post­
scaler 2 bit divider. The two 14-bit 
programmable counters divide the 
outputs of the oscillator and veo 
by"M" and "N"respectively, where 
"M" and "N" are two integer num­
bers in the range of 1 to 16,383. The 
divided outputs are phase-locked to 
each other by the PLL circuit. The 
output of the veo is then divided 
by the post-scaler modulo "P", 
where "P" can have a value of 1, 2, 4 
or 8. For operation in the range be­
tween 1 and 10 MHz the post scaler 
is required. Abovel0MHz,thepost 
scaler can be used to improve the 
jitter performance. The output fre­
quency, F OUT' can be calculated as 
follows: 

Four = FvcolP 
= [N/(M x P») x F osc 

F va> = veo Frequency 

F 05C = OsdlIation frequency 

M, N range from 1 to 16,383 and 
P = 1, 2,4 or 8. 

The M and N counters need 16 bits 
for programming (two bits of ad­
dress and 14 bits of data), and the P­
scaler needs 2 bits. These bits can be 
loaded into the temporary registers 
that can be addressed through the 
four-pin serial interface. The M, N 
and P values stored in the metal 
mask programmable ROM may be 
selected instead of using the serial 
interface. 

Circuit D_crlptlon 

Phase-Locked Loop (PLl) Circuit 

The PLL circuit consists of a voltage 
controlled oscillator (VeO), a phase 
detector circuit, a charge-pump and 
an external loop-filter. The veo 
center frequency and band wid th are 
determined by the two external 

resistors ~ and Raw' respec­
tively. VVCOIN represents the veo 
input voltage from the loop-filter. 

Choosing suitable R"",,,., and Rsw 
(bandwidth) values mn~ acoom­
pUshed using several different it­
erative methods. Below are several 
defining equations and one method 
for choosing ~ and Raw- Note 

that F vco is the input frequency of 

the post-scaler. In general, FvcoMIN 

DEFINING EQUATIONS: 

EQ.1 

~IAS= V:;:: + ~ 
V VCOIN typically can range from 1 V 10 
3V; 2V is nominal. 

EQ.2 

should be greater than 10 MHz, 
FyCOMAX should be less than 100 

MHz and FVCOMAX/FvcoMIN should 
not exceed EQ. 3, which can range 
typicallyfrom I to 3. 

The PLL incorporates phase/ 
frequency detector (PID) lOgic. A 
charge pump is used to convert the 
logiC states of the PID into analog 
signals suitable for controlling the 
veo. The charge pump current is 

EQ.3 

V VCOMAX + 2.2 ~w 
FYCOMAX ~EQ 

FVCOMIN = ~w 
VYCOMIN + 2.2 ~ 

Outlined below is a method for calculating ~ and Raw using EQ. 1 and EQ. 2. 

Step 1. 

Step 2. 

EQ.4 

Step 3. 

EQ.& 

Step 4. 

EQ.7 

Step 5. 

Choose the desired FYCOMIN and FyCOMAX' 

Calculate IBIASMIN and IBIASMAX using EQ. 4 and EQ.S. 

EQ.5 
4400 

IBIASMAX = -l-'OOO:":::=--
----3 
FYCOMAX 

Calculate Raw by using EQ. 6 and subtracting ~IASMAX from IBIASMIN' 

V COMAX- V COMIN 

IB1ASMAX - ~1ASM1N 

Calculate RFREQ using EQ. 7. 

~= 
2.2V 

3V 
IBIASMAX - --

Raw 

3V-IV 

~w in Mn, IBIAS in IIA 

If either ~ or ~w is negative, then choose a smaller &FyCO and 
repeat steps 1 through 4. 
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co determined by the external resistor E RCH, and its value is given by: 

U ICH = l25V /RCH; ReH -1.6 Kn 
CIl 

A filter is added after the charge­
pump to smooth the VCO control 
voltage. Figure 2 shows the com­
plete PLL circuit. The states of the 
PFD are determined by the edges of 
the input wave-form. If the R­
input (reference) phase leads the V­
input (YCO) phase, then an edge of 
the R input sets the U (up) terminal 
true. The next V edge resets the U 
terminal false. Conversely, if V leads 
R, a V edge sets D (down) true and 
the next R edge resets D false. Both 
U and D can be false simultane­
ously, or either one alone can be 
true, but both can never be true si­
multaneously. Therefore a PFD has 
three allowable states at its output 
terminals, up (U), down (D) and 
neutral(N). 

A typical circuit for the charge-pump 
and two possible loop-filters are 
shown in Figure 3. The loop filter 
consisting of the simple resistor 
capacitor combination has the dis­
advantage of having some granu-

REFERENCE 
INPUT 

larity effect. Upon each cycle of the 
PFD, the pumping current Ip is 
driven into the filter impedance 
which responds with an instat­
aneous voltage jump of delta 
(Vc) = ICH·R2. 

At the end of the charging interval, 
the pump current switches off and a 
voltage jump of equal magnitude 
occurs in the opposite direction. The 
frequency of the VCO follows the 
voltage steps so there will be fre­
quency excursion. The second loop 
filter has an additional capacitor C3 
is parallel with the R2-C2 imped­
ance. Because of this capacitor, the 
VCO control voltage has a continu­
ous ramp-like, exponential function 
for each pump pulse, instead of the 
rectangular jump that is present in 
the filter without the additional 
capacitor. 

Mask Programmable ROM 

For fixed frequency configuration, 
the M, Nand P divide ratios can be 
stored in an on-<:hip ROM with a 
custom metal mask. To access the 
counter divide ratios in the ROM, 

the SEL pin should be tied high. 
Contact Sierra Semiconductor for 
generation of a custom metal mask 
for ROM storage. 

Seriallnlerface 

Each counter needs 16 bits for pro­
gramming, out of which 2 bits are 
for the destination's address and 14 
are for data bits (see Table 1 and 2). 
The programming bits are loaded 
into the chip through the serial 
interface and are stored in the regis­
ters in Figure 4. 

The divider programming data is 
stored in the internal temporary 
register through ~four pin serial 
interface. When WR goes low, six­
teen bits of data are shifted serially 
into the chip through the I/O 
pin.The sixteen bits constitute four­
teen bits of programming data and 
two bits of destination address. The 
data is sampled on the rising ~ 
of the shift clock (SCLl<). When WR 
goes high, the contents of the mem­
ory location selected by the two bit 
destination address is updated by 
the fourteen bit data. For proper 

EXTERNAL TO SC 11328 ---... : .. -... ---- ........ ----1 
, , . 
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Figure 2. PLL with Three-State Phase Detector and Charge Pump 
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Figure 3. Charge Pumps and Loop Filters 
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Al AO DESTINATION 

0 0 P(DO-Dl) 

0 1 N(DO-D13) 

1 0 M(DO-D13) 

1 1 Reserved 

Table 1. 

Note: When writing to the P Register 
D2 to D13 = 0, see Table 2 for 
DO, D1 values. 

D13 .. D3 D2 

o 0 0 

o 0 0 

o 0 0 

o 0 1 

Table 3. 

D1 

0 

0 

1 

0 

01 DO DATA 

0 0 +1 

0 1 +2 

1 0 +4 

1 1 +8 

Table 2. 

Note: This table is for use with the 
P Register only. 

DO DATA 

0 +1 

1 +1 

0 +2 

0 +4 

Note: This table is for use with the M and N register. 

I 
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operation of the interface, there has 
to be exact"'!y'yixteen SCLK pulses 
within the WR high-to low and low 
to high transition period. After WR 
goes high, an additional 10 SCLK 
pulses are required to load the new 
data. Also, the first Write after a 
Power Up requires 10 SCLK pulses 
before WR goes low. After the 10 
SCLK pulses, the user can read the 

vo----------------, 
SCLK--..... -f"" ...... 

WR -...-t--" 

SHIFT 
REGISTER 

SYNCHRONIZED 
ONE SHOT 

AO-Al 

data into the temporary register. 
Every read of a selected location 
should be preceded by a write into 
the same location. To read the data 
out, The RD signal should be pulled 
low. After sixteen clock pulses all 
the data inside the shift register will 
be clocked out of the I/O pin. The 
data appears at the output, on the 
rising edge of the shift clock (SCLK). 

DECODER 

LATCH 
D(}-D13 

LATCH 

LATCH 

2 

14 

14 

To avoid conflicts, the falling edge 
of the RD signal should be at least 
ten SCLK periods away from the 
rising edge of WR 

The same rule applies to consecu­
tive write cycles. The serial interface 
timing diagram is shown in Figure 6 
and Figure 7. 

SEL 

p 

14 
N 

14 
M 

9060.4 

Figure 4. Storage Unit For Programming of Dividers 

CRYSTAL CONNECTION 

Figure 5 shows a typical crystal im­
plementation. The capacitors C1 
and C2 have a range of 20pF to 5 pF. 
Depending on the frequency of the 
crystal, it is recommended to use 
maximum 20 pF for frequencies 
lower than 10 MHz, and for 
frequencies above 10 MHz capaci­
tor values between 10pF and 5 pF 
are recommended. 
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Figure 6. Serial Interface Timing Diagram 
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Figure 7. Address/Data Allocations for the Input Bits 

SERIAL INPUT TIMING 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

~cs Write Enable to Clock Set Up Time 50 ns 

~ Data Ready to Clock Set-Up Time 50 ns 

tCDH Clock to Data Hold Time 50 ns 

tCWR Clock to Write Enable Rising Edge 40 ns 

~c Write Enable Rising Edge to Clock 40 ns 

~Oi Clock to Write Enable Hold Time 50 ns 

~B The number of SCLK periods after Power 10 SCLK 
Up, before the first Write Cycle and after Periods 
aech Write Cycle 

tRCS Read Enable to Clock Set-up Time 50 ns 

tcoo Clock to Data Output Delay Time 75 ns 

~H Clock to Read Enable Hold Time 75 ns 

SCLK Clock Frequency 5 MHz 

~T Read Enable High to Output Tristate 50 ns 
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ABSOLUTE MAXIMUM RATINGS (Not •• 1, 2.net 31 

Supply Voltage, Vcc-GND 6V 

DC Input Voltage GND-{J.5 to Vee +0.5 V 

Storage Temperature Range -65 to 150°C 

Power Dissipation (Note 3) 500mW 

Lead Temperature (Soldering 10 sec.) 300°C 

OPERATING CONDITIONS 

PARAMETER DESCRIPTION CONDITION MIN TYP MAX UNITS 

Ta Ambient Temperature 0 70 °C 

Vee Positive Supply Voltage 4.5 5.0 5.5 V 

GND Ground 0 V 

XTLIN, Crystal Frequency 20 30 MHz 
XTLOUT 

Tr,Tf Input Rise or Fall Time 50 ns 

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur. 
2. Unless otherwise specified, all voltages are referenced to ground. 
3. Power dissipation temperature derating-Plastic package -12m W rC from 65-85°C 

DC ELECTRICAL CHARACTERISTICS (T ... 0 TO 70°C, DVcc = SV ±10%, AVec = SV ±10%) 

PARAM. DESCRIPTION CONDITION MIN TYP MAX UNITS 

Icc Quiescent Current 30 rnA 

Vih High Level Input Voltage, All Inputs 2.2 V 

Vii Low Level Input Voltage, All Inputs .8 V 

Voh High Level Output, All Outputs 
Except XTLOUT 
(loh = 0.5 rnA) 2.4 V 
(loh = 100 IlA) 4.5 V 

Vol Low Level Output, All Outputs 
Except XTLOUT 
(lol = 1.6 rnA) 0.6 V 
(lo! = 100 IlA) 0.2 V 

Voh High Level Output XTLOUT 
(loh = 20 IlA) 4 V 

Vol Low Level Output XTLOUT 
(lol = 20 IlA) 0.2 V 
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