CGS702v

NNational Semiconductor

CGS702V

Commercial Low Skew PLL 1 to 9 CMOS Clock Driver

with Improved EMI

General Description

The CGS702 is an off-the-shelf clock driver specifically de-
signed for today’s high speed processors. It provides low
skew outputs which are produced at different frequencies
from three fixed input references. The CGS702 is a reduced
EMI version of the CGS700. The XTALIN input pin is de-
signed to be driven from three distinct crystal oscillators run-
ning at 25 MHz, 33 MHz or 40 MHz.

The PLL, using a charge pump and an internal loop filter,
multiplies this input frequency to create a maximum output
frequency of four times the input.

The device includes a TRI-STATE® control pin to disable
the outputs while the PLL is still in lock. This function allows
testing the board without having to wait to acquire the lock
once the testing is complete. (Continued)

Features
m Reduced EMI compared to CGS700 (refer to EMI
characteristics)

W Guaranteed and tested: 500 ps pin-to-pin skew (TosHL
and TosLH) on 1x outputs

m Pentium™ and PowerPC™ compatible

m Output buffer of nine drivers for large fanout

B 25 MHz-160 MHz output frequency range

& Outputs operating at 4x, 2x, 1x of the reference
frequency for multi-frequency bus applications

m Selectable output frequency

= Internal loop filter to reduce noise and jitter

A Separate Analog and digital Voc and Ground pins

m Low frequency test mode by disabling the PLL

B Implemented on National's Core CMOS process

B Symmetric output current drive:
+30 mA/—30 mA lo./loH

m 28-pin PCC for optimum skew performance

m Guaranteed 2 kV ESD protection

Ordering Code: see section 5
Connection Diagram

Pin Assignment for PLCC

Voo CLKA SKW Vo CLKZ GOND  CLKI
SEL SEL

XTALIN
GNO
CLK1.0

Yoo

EXT

CLKt. SEL

GND Veea

CLK1_2 GNDA

TRI-  SKW CLK 6ND CLK Ver EXT
STATE TST 1.3 14 cLK

TL/F/12386-1

Pin Description

PLCC Package
Pin Name Description
1 Vee Digital Voo
2 SKWSEL Skew Test Selector Pin
3 CLK4 4x Clock Output
4 Veo Digital Vo
5 XTALIN Crystal Oscillator Input
) GND Digital Ground
7 CLK1_0 1x Clock Output
8 Voo Digitat Ve
9 CLK1_1 1x Clock Output
10 GND Digital Ground
11 CLK1_2 1x Clock Qutput
12 TRI-STATE Output TRI-STATE Control
13 SKWTST Skew Testing Pin
14 CLK1_3 1x Clock Output
15 GND Digital Ground
16 CLKi1_4 1x Ciock Qutput
17 Voo Digital Veo
18 EXTCLK External Test Clock
19 GNDA Analog Ground
20 Voca Analog Vco
21 EXTSEL External Clock MUX Selector
22 GND Digital Ground
23 CLK1_5 1x Clock Qutput
24 Voo Digital Voo
25 CLK1_6 1x Clock Qutput
26 CLK1SEL CLK1 Multiplier Selector
27 GND Digital Ground
28 CLK2 2x Clock Output
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General Description (continueq)

Also included, are two EXTSEL and EXTCLK pins to allow
testing the chip via an external source. The EXTSEL pin,
once set to high, causes the External-Clock_Mux to
changs its input from the output of the VCO and Counter to
the external clock signal provided via EXTCLK input pin.

CLK1SEL pin changes the output frequency of the CLK1__
0,6 outputs. During normal operation, when CLK1SEL pin is
high, these outputs are at the same frequency as the input
crystal oscillator, while CLK2 and CLK4 outputs are at twice
and four times the input frequency respectively.

Once CLK1SEL pin is set to a low logic level, the CLK1
outputs will be at twice the input frequency, the same as the
CLK2 output, with CLK4 output still being at four times the
Input frequency.

In addition two other pins are added for increasing the test
capability. SKWSEL and SKWTST pins aliow testing of the
counter's output and skew of the output drivers by bypass-
ing the VCO. In this test mode CLK4 frequency is the same
as SKWTST input frequency, while CLK2 is 14 and CLK1
frequencies are , respectively (refer to the truth table). In
addition CLK1SEL functionality is also true under this test
condition.

Block Diagram
CGS702

tRi-state £ N

EXTSEL

EXTCLK CLK4

CLK? SEL [

SKWSEL | CLKZ

SKWTST CLK1-0
cui-1
 ciki-2

XTALIN

PLL E oo
 CLK1-4
[ cuki-s
| CLK1-6
TL/F/12386-2
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CGS702V

Truth Table
Input Output
CLK1 [ EXT | EXT | SKW | SKW TRI- -
SEL SEL | CLK | SEL TST | STATE CLK4 CLk2 CLK1
H* L X | L X H axty | 2xfin | fin
L* L X L X H 4x fiy 2xHN | 2xfiN
X H { JL | X X H JL, JL JLu
H L. X H JL H ixfrst | Vexfrst | Yaxfrst
L L X H | JL H ix frgT | Vexfyst | Vexfrst
X X X X X L z z z
*Steady state phase, frequency lock.
Typical Application

| IRy c6s702

1/0 M Mot ‘

CTRL c:r;t oo CRU [ﬂi—:—

Memory Bus
Data Data v
Path Path Bus
Interface
{/0 Bus:
TL/F/12386-3
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required, Note 2: Power dissipation is calculated using 49°/W as the thermal coeffi:

AZ0.SDD

5Ieas'e contact the National Semiconductor Sales Fiem for the PCC package fat 225 LFM airflow. The input frequency
P is assumed at 33 MHz with CLK4 at 132 MHz and CLK2 and

Office/Distributors for availabtlity_ -and speclflcatlons. CLK1’s being at 66 MHz. In addition the ambient temperature is

Supply Voltage (Vo) . —0.5Vto 7.0V assumed 70° with power supply at 5.0V.

DC-Input Voltage Diode Gurrent (ljx) ) S .

V= —05v _ _—20mA Recommended Operating

V = Vg + 0.5V +20 mA COnditions
DC Input Voltage (V)) ~0.5Vto Vg + 0.5V Supply Voltage (Voo) 45V to 5.5V
DC Output Diode Current (Io) input Voltage (V)) . OV to Voo

V= —-0.5V . —20 mA .

V = Ve + 0.5V +20mA Output Voltage (Vo) OV to Vo
DC Output Voltage (Vo) —0.5VioVee + 0.5V Input C.rystal Frequency 25 MHz-40 MHz
DC Output Source Operating Temperature (Ta) 0°Cto +70°C

or Sink Current (o) ’ +60 mA External Clock Frequency (EXTCLK Pin) 1 MHz-10 MHz
DC V¢ or Ground Current : XTALIN Duty Cycle Range - 25/75 (75/25)%

per Output Pin (Ico or IgND) +60 mA Input Rise and Fall Times (0.8V to 2. OV)
Storage Temperature (Tsta) ~65°C to +150°C- Crystal Input ~ 5nsmax.
Junction Temperature . . 150°C All Other Inputs . 10 ns max.
Power Dissipation (Static and Dynamlc) (Note 2) 1400 mW Typical 6ua LF:)‘ . %’4 w
Note 1: The Absolute Maximum Ratings are those values beyond which the )
safety of the device cannot be guaranteed. The device should not 225 45 -
be operated at these limits. The parametric values defined in the 500 38
DC and AC Electrical Characteristics tables are not guaranteed at o 900 34

-the Absolute Maximum Ratings. The Recommended Operating
Conditions will define the conditions for actual device operation.

DC Electrical Characteristics

over recommended operating free air temperature range. All typical values are measured at Voo = 5V, TA 25°C

. ) Vece = 4.5Vto 5.5V
Symbol Parameter Conditions Vee| ~T=0Cto70°C Units
Min Typ | Max
VIH Minimum Input .45 | 20 v
High Level Voltage 5.5 2.0
ViL Maximum Input 45 1 o8| v
Low Level Voltage 5.5 . 0.8
VoH Minimum Output ‘ loy = =50 pA - 45 44 '} 44
High Level Voltage : ' 55 5.4 5.4 v
loy = —30 mA 4.5 | Voo — 0.6
55 | Vgg — 0.6
Voi Maximum Output loL = 50 pA 4.5 0.1
Low Level Voltage 5.5 0.1 v
16 = 30 mA | as 06
5.5 0.6
loH High Level Output Current Vou = Vg — 1.0V 45 50 110 | 170 mA
loL Low Level Output Current o VoL = 1.0V 4.5 50 110 | 170 mA
Iin Leakage Current ViN = 0.4V or 4.6V 4.5 —50 50.0 pA
5.5
lozL/H Output Leakage Current Vin = GND _
Vour = VoG or GND 55 50 +50 | pA
Cin Input Capacitance 4.5 10.0 oF
5.0
lcc Quiescent Analog + Digital Current (No Load) | Vin = Vgg or GND 5.5 3 5.0 A
m
lcor lcc per TTL Input Vin = Vog — 21 0rGND | 5.5 25
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CGS702V

CGS702 AC Electrical Characteristics

over recommended operating free air temparature range. All typical values are measured at Vcc = 5V, TA = 25°C

Vec = 4.5V to 5.5V
fin = 25 MHz to 40 MN2
T=0Cto70°C
Symbol v Parameter CL = Circult 1and 2 Units Notes
R = Clrcuit1and 2
Min Typ Max
{RISE Output Rise CLK4 0.8V to 2.6V
CLK2 1.0VtoVge — 1.0V 2.0 ns (Note 1)
CLK1 1.0Vto Vgg — 1.0V
tFALL Output Fall CLK4 2.6Vt0 0.8V
CLK2 Voo — 1.0Vto 1.0V 2.0 ns (Note 1)
CLK1 Vg — 1.0Vt 1.0V
tsKEW Maximum + to + Edges CLK1__CLK1 500
Edge-to-Edge + to + Edges CLK1__CLK4 1000 ps (Note 2)
Output Skew + to + Edges CLK2__CLK4 1500
tLoCK Time to Lock the Output to the XTALIN Input 100 s
toYGLE Output Duty Cycle CLK1 Qutputs 49 51
CLK2 Output 49 51 % (Note 3)
CLK4 Output 35 65
Jur Qutput Jitter (Long Term) 300 ps {Notes 4, 5)
Joo Output Jitter CLK1 ~75 +75 ps (Notes 4, 5, 6}
(Cycle to Cycle) | ¢ k2 +250 ps | (Notes4,5,7)
CLK4 +250 ps (Notes 4,5,7)
Fain Minimum XTALIN Frequency 15 MHz
Fumax ‘Maximum XTALIN Frequency 43 MHz

Note 1: trige and tpa | parameters are measured at the pin of the device
Note 2: Skew is measursd at 50% of Vog for CLK1 and CLK2. While it is measured at 1.4V for CLK4.
Note 3: Output duty cycle s measured at Vpp/2 for CLX1 and CLK2. While it is measured at 1.4V for CLK4.

Note 4: Jitter p is chy ized and is g d by dasign oniy. It measures the uncertainty of elther the positive or the negative adge over 1000 cycles.
it is also measured at output levals of Yoc/2 . Refer to Figure 2 for further expianation.
Note 5: The GNDA pins of the 702 must be as free of noise as possible for jitter. Sep analog ground plane is recommended for the PCB.

Also the Vgca pin requires extra filtering to further reduce noise. Ferrite beads for filtering and bypass capacitors are suggested for Vcca pin.
Note &: Cycle to Cycle Jitter is measured at Voosa.
Note 7: Cycle to Cycle Jitter for CLK2 and CLK4 is only for 25'C, 5V measured @ Vig/o-

Yee £65702

€6S702

500 25 =750, 8 INCHES

1500 10 pf
20 pF T
T GND GND

GND GND TL/F/12386-5

TL/F/12386-4 Circult 2. Test Circult for CLK4
Circuit 1. Test Clrcuit for CLX1 and CLK2

1500
CLK out
ZO =750, 8 Inches o

CLK out
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CGS702 AC Electrical Characteristics (continued)

XTALIN / \ / \ /

we N\ T\

AZ02599

i CLKISEL=1 CLK2 1o CLK4 Skew
oLt o-6 W
2 CLKISEL=0

cLKi (o CLK1 Skew CLK1 to CLK4 Skew

exise _f \
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CLK1
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CLK2 / \ / \
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FIGURE 1. Waveforms

TL/F/12386-8

F
&
;
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Cycle 1 Cycle 1+n
TL/F/12386-7
Jitter = |Period(1) — Period{n+ 1)| for aither tha rising or falling adge, whera n is 1 to 1000 cycles.

FIGURE 2. Jitter

Application References and Bibiliography

Information relating to EMI as well as general application hints are in the following application notes:
AN-988 (EMI App Note)

AN-640

AN-891
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CGS702v

EMI Characteristics and Measurements for CGS702

MEASURING THE SPECTRAL CONTENT OF A LOGIC IC

In order to analyze the frequency, or spectral content of
logic ICs, two measurement techniques have been devel-
oped. One method, The Radiated Measurement Method, is
based on the system-level FCC certification test methodolo-
gy, FCC Open Site Test (OST) 55. The radiated method
utilizes a multilayer PCB with the IC-under-test is mounted
on a grounded, adjustable table placed 3 meters from an
antenna mast (see Figure 3). The IC’s input is stimulated by
a known periodic waveform and its output drives a typical
PCB microstrip. The 75Q microstrip is properly terminated
to prevent reflections from affecting the IC's spectral con-
tent results.

The FCC certification test method is an apen field measure-
ment procedure. Therefore, the spectral content of the de-
vice-under-test (in this case, an IC) cannot be detected be-
low the ambient level of radiation. The test-site is perma-
nent and the average ambient noise level remains relatively
constant.

The CGS700 and CGS702 were tested for EMI using the
above method. A comparison of the EMI resuits in the form
of spectral content is shown in Figures 4 and 5.

For more details on EMI, see Application Note AN-831.

Screen Room with 120 dB Shielding

3M

L TEST BOARD
7 ya

NS

PCB TRACE
A—
K 7. 7 |
TURNTABLE

<

ANTENNA

ANTENNA MAST

I
1
I
b
'

CERTIFIED OPEN FIELD TEST SETUP

PER FCC BULLETIN OST 55 1-3M

SPECTRUM
ANALYZER

7Z] GrOUND PLANE B

AL

s

TL/F/12386-9

FIGURE 3. Radiated EMI Measurement Method
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EMI Characteristics and Measurements (Continued)

LEVEL FREQUENCY SPAN/DIV
REF 70d8uY CEN 700 MHz 50 MHz aBuv
MKR 53.6dBuV MKR 774 NHz
70
T .
. 60
TEK T
2754P + }(
50
l | N w©
30
20
T I I LW VUL TN N N T T T N T T T T T T W T O S T A O T A O O Y
- 1o
0
I
-10
10dB/ 0d8 0-1.8 1 MHz
VERTICAL RF FREQ RESOLUTION
DISPLAY ATTENUATION RANGE BANDWIDTH -
XTALIN = 40MHz Vgg =5V T =25C ANTENNA = HORIZONTAL
FIGURE 4. CGS700
LEVEL FREQUENCY SPAN/DIV
REF 70dBuV CEN 700 NHz 80 MHz aBuv
MKR 48.0dBuV MKR 391 MHz
70
60
TEK I
2754P 1
50
I\
X T
I 40
+
J1 [N 1 0
20
Ll 1. L lillIlIIlIIIllLl-—IIIIIllllllllllllllL 10
rrere|prrrrprrrrw UL L L TtI1 1 |1 Trr | rrrryrrrerprrrT
0
1
-10
1048/ 0dB 0-1.8 1 MHz
VERTICAL RF FREQ RESOLUTION
DISFLAY ATTENUATION RANGE BANDWIDTH

XTALIN = 40 MHz Vgg = 5V T = 25°C  ANTENNA = HORIZONTAL
FIGURE 5. CGS702

TL/F/12386-8

TL/F/12386-12
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Physical Dimensions

&National Semiconductor

8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC

NS Package Number MOSBA
All dimensions are in inches (millimeters)
0.188-0.197
4890 5.004)
) s 7 5 &
T illalal
0.228_0.204
(R )
: LY
%é—,:_) [or)
woner’ 12 3 4 ;T
IDENT ‘T“"'P
0.150-0.157
™ aain—oee [
U.010-0.000 . 45c o 8.053 - 0.060
D030 r_ : — (un;'.m) 2.004-0.010
ALL LEADS 0120254
L_-——d) -L— —= SEATIN
f PLANE

n'mﬁ'_": M“'ﬁ;)n: | 7{_“‘” f(:u_f&' &__J L ‘Jl 1 8

(0.203~0.254) { (: g:_g.;:l *
TYP AL LEADS (0.406—1.770) ™" 0.008 1vp |l ;
TYP ALL LEADS {0.203) MOBA (REV M)

14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC
NS Package Number M14A '

All dimensions are in inches (millimeters)

0.335-0.344

{8.509—8.738)
A AAAAAA

5791-5.158) | -
| r’\)

“i i TEITUEY

: 3 [}
D010 yux
(0.254)
0.150-0.157
™ Gre—T0e
0.010-002%0 0.059-0.0890
0.254-0.508 <™ -5
” M 0.004-0.010
MLLEADS . —  {0.102-0.250)
L ' | serwe_ Y—— WL R
I \f PLANE
0.000-0.010 L em __I L_ L 0814-0.020
fuitom s L.:-:;:::-;, T "
(X)) TP AL LE 4 '%;) o
ALL LEAD TIP3 " MI4A (REV R}
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16 Lead (0.150” Wide) Molded Small Outline Package, JEDEC
NS Package Number M16A

All dimensions are in inches (millimeters)

0.386 —D.334
— == gy
{9.804 —10.00}

1% 15 14 13 12 1 10 9

paBAARAR

0.228-0.244

D228-0.2 X
(5.791-86.188) TYP
EEEE; )
LEAD NG 1 1203 568 7 8 )
IDENT 0.010 pay
) (. !M)
0.150-0.157
el =r"1n8
- 00530060
T : [rae-178%) 0040018
B° MAX TYP (0.102-0.254)
ALL LEADS = =] l
}—‘ . i = SEATING
L ? PLANE
0.008-0.010 m 0.010 o J o 0.014-0.020 ryp
R -0256 oy ©.3%) {tzm) - a5 —0.508)
TYP ALL LEADS e ooos o
n m; 0203) WA REv

ALL LEAD TIPS

20 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M20B

All dimensions are in inches (millimeters)

0.496-0.512
{12,588 —13.005)

—_—|

20 19 18 17 16 15 W 13 12 1

AoanAnnga

0.384-0.018
{10.008 — 10.843)

O w0
s SN
TEITITT] =

0.010 ax
f0.254)

0.281-0.298

Tan—7.59)
00100088 . 0.093-0.104
0.284—0.797 5" ™ "_ (z.m;z.uz)

0.004 -0.012
B° MAXTYP
ALL LEADS ] (0.102-0.305)

f—

1
L_’n,:[] B ASEASER 3=l — b bl = SEATING
i u ; aam
0000 -0.013 _ 0080 0.014-0.020
0.016 —0.050 —] -— TYP
0.229-0.3%) auLoao s [ [0.408—1.270) [ (l 270) {©.355-0.808)
TYP ALL LEADS TYP ALL LEADS
0.008 yyp
10.203) 4208 (REV 1)

suojsuawi(q [ea1sAyd
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Physical Dimensions

28 Lead (0.300” Wide) Molded Small Qutline Package, JEDEC
NS Package Number M28B

All dimensions are in inches (millimeters)

| INDEX
! .~ | AREA
0.300 (7.60)
0.291 (7.40)
0.420 (10.85)
5 28 0.393 (10,00)
0.030 (0.75) ,r0
0.008 (0.25)" x45
0.713 (18.10)
- 0.696 (17.70) _-I ~
0.013 (0.32)
0.009 (o 23) 0.105 (2.65)
0.092 (2.35)
J L ‘ 0.012 (0.30)
0.003 (0.10)
0.050 (1.27) 0.020 (0.49)
BSC 0.013 (0.35) 0.050 (1.27) w280 (REV A)
0.015 (0.40)

14 Lead (0.300" Wide) Molded Dual-in-Line Package

NS Package Number N14A
All dimensions are in inches (millimeters)
0.740-0.778
{18.80—19.56)
0.0%
— <——(2'm|
[ [%] [F]
AREA
V) 0.250£0.010
i {6,350 £0.254)
PIN NO. 1 ’O /)\ PIN NO. 1
IDENT T 2] 3] 14] L5)ie] L 1DENT
0082 1. 0.030 MAX
@37 [0.762) DEPTH
OPTION 1 OPTION 02
0.135+0.006 0.300-0.320
@A z0.92n Tem-s1a]
0.143-0.200 ol e 0080 Lo e 40 TYP > %
{3.683-5.080) (1.524) OPTIONAL :
A f [\
i__j‘r__q I
o 80 0.008 -0.018
0.020 _ 90°+4° TVP o —nem
.508) -
MmN 0.126-0.150 f 0.075:£0.015
0.004 - ?(:27: o _>| 1.905:£0,381) (g':::)—»
W —> 0.100+0.010 MIN
0.356 0,584, 010030010
( ’ [} a;; 010 Bads "
—> e—izogm o3 oo
+1.018
(‘ L -0, ) NUA (REV 1
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16 Lead (0.300” Wide) Molded Dual-in-Line Package
NS Package Number N16E

All dimensions are in inches (millimeters)

\ 0.740 = 0.780 | 0.080
18.80=19.81 :
‘ ( ) —.I - "_ 2.286)

. 250£0.010
350£0.254)
PIN NO. 1 = . 1
IDENT G g
OPTION 01 OPTION 02 0085
0.13040.005 0.060 4 TYP 0.300-0.320 1.651)
j  Gazenz) | i P ~\[™ oprionaL gen-s® | |
1

0.145 = 0.200

{3.683-5.080) i

} 95945° 0.008-0.016
90°% 49 TYP 0.008-0.018 1vp
0020 0.280 {0203-0.406)

0.508
(0508) 0.030£0.015 171125

J

M
{(3.175-3.810) . » T M lo76220.381) MIN
0,014 =0.023 __‘ l-— 0.100£0.010 (0.525#0-040
{0.356 - 0.584) 0.050£0.010 {2.54020.254) AUtV -0015 N1GE (REV F)
e 1270 £0.254) ne (8.255* 5918

20 Lead (0.300"” Wide) Molded Dual-in-Line Package

suoisuawi( [eoisAud

NS Package Number N20A
All dimensions are in inches (millimeters)
1.013-1.040
0,092 X 0030 {25.13-2622)
{2.337 X 0.762) 0.032+0.006 _
MAX DP \ () [0 G7) () (] [ [i3) () o] {0.81320.127) 20l [
N ) RAD
PIN NG. 1 IDENT " 0.260 +0.005
™~ I(GAW 097) PIN NO. TIDENT~___ )
0.280 ~o
o M s G R G B ngugOgnE D ao
0.030
0.300-0.320 ] 775%) OPTION 2
{1.620-8.128)
0060 NOM DO, OPTIONZ 0.130 0.005
0065 (1.528) {018 #ax — A 51T
fen TP Tve
0.145-0.200
L | Gimsen
95%5° 0.009-0.015 su'*o 004° 1 I
4™ {0.220-0.381) 0.020
‘ ‘ TYP 0.100:0.010 __I i__ T sisain s
0.080 +0.005 (2.540+0.254) 0.018:0.003 (3475-3.556) MIN
0.325 *0040 I t1s2ax002n) ) {0.4570.076)
5 0015
+1.018
('2“ -n;m)
N20A (REV G)
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Physical Dimensions

28 Lead Molded Plastic Leaded Chip Carrier

NS Package Number V28A
All dimensions are in inches [millimeters]
+0.006
0.450 25000
+0.15
(11431 Sg/q0 : ago x 0045
. PN #11 IDENT 25 {1141 0.01720.004 1y
0.029£0.003 [0.4320.10]
IR . [0.7410.08] Tee 4
©
50 [12s - T
0 0 ¥
0 J 0.410£0.020 1yp
O il [10.41£0.51]
O ol
O il
1 Mg
—— )/ -
|~ SEATING PLANE
0.020
= «[0.51] MIN TYP
0.105£0.015
[2.67£0.38]
0.165-0.180
[4.19-4.57} Tre

[=) ‘

\
|

H :
0.490+0.005 TYP .
[12.45£0.13] V28A (REV K) i
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