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Phase/Frequency Comparator
1 GHz Input Frequency

FEATURES

+ Rising edge-triggered design

* Continuous duty cycle output response vs. input
phase difference for k<8<

* Constant duty cycle output indicating direction of
error for unequal frequency inputs

+ High reference frequency rejection

¢ Improved reference suppression compared with
McC12040

»-122 dBc/Hz phase noise @ 1 KHz offset

+ High speed, adjustable threshold comparator
inputs for low level analog inputs

* AC - coupled or ECL/10G PicoLogic™ input
compatibility

+ Available in C - leaded or leadless chip carriers or
in die form

* -55°C to +125°C operation (16G044M)

APPLICATIONS

+ Stable acquisition phase locked loops
+ Frequency synthesizers (with 10G070 Variable
Modulus Divider and 10G061 prog. counter)

. Frequencys discriminators
+ High speed PSK and FSK demodulators
+ High resolution time delay measurement

FUNCTIONAL DESCRIPTION

The 16G044/16G044M is a rising edge-triggered
phase/frequency comparator with sensitive differential
amplifier inputs capable of accepting input signals up to
1GHz in frequency. Functionally, it is similar in operation
to the MC4044 or 11C44 although much faster and with
much greater reference frequency rejection. When the
R (Reference) and V (VCO) inputs are unequal in
frequency and/or phase, the differential outputs U (Up)
and D (Down) are pulse streams which when subtracted
and integrated provide an error voltage for control of a
VCO. This cantrasts with an analog mixer or exclusive -
OR based phase detector which does not produce
explicit frequency error information. Use of the
16G044/16G044M in a PLL makes freqiency
acquisition more stable by comparison.
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The 16G044/16G044M is fabricated using GigaBit's _J
high volume, production proven GaAs MESFET R>—Is @ s Q
process technology. NOR NOR
<L SU
16G044/16G044M ORDERING INFORMATION 5D
16G044 16G044M [ >
Package (0°C 10.85°C) (-55°C to +125°C) R ald L IR a
WP |"4GHz | 750MHz | 1GHz | 750 MHz NOR NOR
- Vy>—1s @ s @
40-pin “G™  116G044-2C | 16G044-3C [16G044M-2C} 16G044M-3C —l
40-pin*L" | 16G044-2L | 16G044-3L | 16G044M-2L| 16G044M-3L
Dics 16G044-3X 16G044M-3X
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16G044 Operation
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Figure 1: 16G044 Operation

The operation of the 16G044 is best explained with
reference to Figure 1 which plots the average value of
U, D, and U - D versus the phase or frequency
difference between the R and V inpuis.

Four relationships belween R and V are possible: R
lags or leads V in phase and Fr is less than or greater
than Fv.

1. Rlags Vin phase

When the R and V inputs are equal in frequency but R
lags V in phase, the U output is pegged high (at VOH)
and the D output pulses low with a duty cycle that is
proportional to the phase difference between R and V,
reaching a minimum of 50% for 180° phase difference.
Therefore, the average value of D varies between VOH
(0° phase difference) and (VOH + VOL)/2 (180° phase
difference). The signal on D indicates that the VCO
frequency should be decreased to bring the loop into
lock.

2. BusFr

When the V input frequency exceeds that of the R
input, the behavior of the 16G044 is the same as
described in 1, above except that the D output duty
cycle is constant at approximately 50%. The average
value of D is constant at (VOH + VOL)/2 as shown in

Figure 1. As above, the signal on D indicates that the
VCO frequency should be decreased to establish
lock.

3. Bleads Vin Phase

When the R and V inputs are equal in frequency but
R leads V in phase, the D output is held high ( at
VOH) and the U output pulses low with a duty cycle
that is proportional to the phase angle between R
and V, reaching a minimum of 50% for 180° phase
difference. The average value of U varies between
VOH (0° phase difference and (VOH + VOL)/2 (180°
difference). The signal on U indicates that the VCO
frequency should be increased to establish lock.

4. Fy<Fr

When the V input frequency is less than the R input
signal frequency, the 16G044 operates as described
in 3. above except that the U output duty cycle does
not vary, but is constant at approximately 50%.
Therefore the average value of U is constant at (VOH
+ VOL)/2 as shown in Figure 1. Again, the signal on
U provides information used to increase the VCO
frequency to establish loop lock.

Note that when R and V are equal in frequency and
phase, i.e. when the loop is locked, the average
value of U - D is zero, meaning that the action of the
16G044 is to maintain the loop in lock status.

Figure 2: 16G044 Transfer Characteristic
at 760 MHz (see Fig. 4)
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16G044 Operation (continued)

Figure 2 plots the transfer characteristic of the Figure 3: 16G044 State Table
16G044 with equal frequency R and V inputs at 750
MHz. The slope of the curve drawn as the solid Inputs | Outputs Notes
straight line is the comparator gain constant, K, and aRliviulo
is typically 600 mV/r radians or 0.19 V/rad. The
reduction in K in the vicinity of zero phase difference 0 0] 1 1
Is of particular interest to PLL system designers. RleadsV | /| 0] 0 | 1 A
The 16G044 is designed to minimize this decrease X111 1
In gain to = K/4 and to iimit the range of flaltening to ol ol 1 ]
0 (4 o 3
5?487_ than 100ps or 27° (+ 13.5°) of phase at 750 R lagsV ol 1 1 0 A
’ J i X 1 1 y
Figure 3 describes the logical /O characteristics of . . ;
the 16G044 which is useful for purposes of testing Note A ::;,‘,ﬂ:: :?:cr_r;zs;;h:tt ;';‘,’,,2; t(i’,.,l:;p‘:?tzt:te
the device at low speed. falling edge (1—> 0) transition in both R and V.
PIN DESCRIPTIONS
R Reference signal input vce + 5.0V supply pin
\ VCO signal input Gnd Ground connection
U The "Up" (R leads V) output VSS - 3.4V supply pin
D The "Down" (R lags V) output VEE - 5.2V supply pin
VTH Threshold voltage input for the input
comparators. Must be in the range
-1.8V<Vth<-0.8V

16G044 Application in a Simple Phase Locked Loop

—T—Ref. input
1000pf

L R
203 0 N O A
16G044 VEE= S=C
. 20, B 520 |
-1.28V Aut pu 330 R Tc’
3300 'S = 500 =lv b AAA ,
Vss= -3.4V
[ +N COUNTER (o)
(10G070, 10G061) \%)
NOTES

1. The transter characteristic of the simple loop filter shown Is 1/(1 + sT) whereT = RC. Typically R should be chosen
to be >1KQ. The connsctions to the op-amp assume a negative VCO gain constant. These connections should be
reversed if a VCO with a posttive transfer characteristic is used.
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Figure 4. Test setup for high sp
detector transfer characteristic.

eed measurement of phase

Y PLUG - IN 7A22*
X PLUG - IN 7A26
OSCILLOSCOPE
1000 pF @
R U —|
SOQ .o
VTH = -1.3V Vth . J(diﬁ'l)
F—> .
o00pF R T 3sn) L [T ax
1000 pF DUT
16G044
RF (750 MHZ)
SWEEP
GENERATOR| SWEEP VOLTAGE
HP 8350 * contains built in low pass fitter,

at 500MHz and 1 GHz,

This test setup creates a delay line frequency discriminator
which enables accurale linearity measurements of the phase
detector. The resulting discriminator has zero output voltage

(Y = 250 mV/div,, X = 300 to 1300 MHz)

ABSOLUTE MAXIMUM RATINGS

7 (Beyond which useful life may be impaired) (Notes 1, 4)
SYMBOL | PARAMETER ABSOLUTE MAXIMUM RATINGS NOTES
TSTOR | Storage Temperature -65°Clo+150°C
T Junction Temperature -55°Clo+150°C
TC Case Temperature Under Bias -55°Cto +125°C 2
VCC Supply Voltage 0Vio + 7.0V
VSss Supply Voltage -40Vto+05V
VEE Supply Voltage -60VtoVSS+05V
VIN Voltage Applied to Any Input; Continuous -40Vio+05V
VSS=-34V,VEE=-52V
1IN Current Into Any Input; Continucus -0.5mA to 1.0 mA
VOuT Voltage Applied to Any Output 4.0Vio+0.5V 3
iouT Current From Any Output; Continuous -40 mA
PD Power Dissipation Per Quiput 50 mW
POUT = (-VOUT) x IOUT
Notes: 1. Allvollages specified relative to Gnd, Positive current is defined as cuirent into the device.
2. TCis measured at case top.
3. Subject to IOUT and PD limitations.
4. Power supply sequencing is not necessary. However, sustained (>5 secs.) application
of VSS in the absence of VEE could result In excessive power dissipation and
damage to the devica,
4-28
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RECOMMENDED OPERATING CONDITIONS
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SYMBOL PARAMETER MIN NOM MAX UNITS NOTES
TC Case Operating Temperature +25 < 1
CGnd Ground connection 0 \

' ele} Supply Voltage 475 5.0 5.25 v
vss Supply Voltage -35 -34 -33 v
VEE Supply Voltage -5.5 -5.2 -5.1 v
Notes: 1. TC measured at case fop. User attention to device thermal management is recommended. See
GigaBit Application Note 3 for a detailed treatment of thermal management considerations,
DC CHARACTERISTICS (1,2) ] {
VCC =4.75V105.25V,VSS =-3.3V10- 3.5V, VEE = - 5.1Vto - 5.5V -
16G044 16G044M
(0°C to 85°C) (-55°C to +125°C)
SYMBOL |PARAMETER MIN | TYP |MAX MIN | TYP [MAX UNITS NOTES
CMR Input common mode range -1.8 -081 -i8 -0.8 v
VIH Input voitage high -1.0 Gnd| -08 Gnd Vv
VIL Input voitage low vTT -1.6] VIT -1.8 Vv
1IN Input current -300 300 -300 300 pA 3
VOH Output voltage high -08) -08] -03| -12| -08] -03 v 4
VoL Output voltage low ves| -26| -18]| vss| -26] -20 v 4
IOH Output high current -25 -20 -25 -20 mA 5
IcC VCC supply current 45 70 45 75 mA
1SS VSS supply current 75 120 75 130 mA
IEE VEE supply current 50 80 50 85 mA
PD Power dissipation 7501 1170 7501 1260 mw 6
Notes: 1. These characteristics are applicable from DC to ~ 500 MHz.
2.VIH=-13V
3.Vin=-1.0Vto-1.6V
4. Qutputs terminated 100Q to VIT = -2.0V.
5. IOH s the available output current at VOH = - 0.8V.
6. At nominal power supply voltages and 50% output duty cycle.
AC CHARACTERISTICS
VIH =-1.3V, VCC =4.75V10 5.25V, VSS =-3.3V10- 3.5V, VEE = - 5.1V {0 - 5,5V, outputs terminated in 100Q to VTT = -2.0V
16G044 16G044M
(0°C 10 85°C) (-55°C t0 +125°C)
SYMBO TEST
MBOL| PARAMETER MIN | TYP |MAX | MIN | TYP |MAX | uNITs CONDITIONS

VHH Input voltage high -1.0 0.3 -1.0 -0.3 Vv

ViL input voltage low vTT 47| viT -1.7 \

Kd2 Large signal gain 500/ | 600/n| 900/r | 500/% | 600/r] 900/m| mV/rad f=1GHz

constant (-2 version)

Kd3 Large signal gain 500/m| 600/m| 900/r | 500/x| 600/m| 900/x| mVirad f=750 MHz

constant (-3 version)

kd2 Small signal gain 125/n | 300/m| 450/r | 125/ | 300/m| 450/m ] mV/irad f=1GHz

constant (- 2 version)

kd3 Small signal gain 125/r | 300/%| 450/r | 125/m | 300/m)| 450/ mVirad =750 MHz

constant (- 3 version)
4-29




TEKTRONIX INC/ TRI QUINT

GigaBit Logic

éhE; D ﬂ S‘ll:‘!hé]:é— GUGDSEH ‘I: ETRQ
T-45-17
16G044

16G044M

AC WAVEFORMS

L

VERVARY.

U

=y
r___I
r___I
’__]
[___I
'___J

Awl

BleadsVog° R I
1
I
] (_)|
v b fosoi ps [ty
i
i
{
i
u o
'y
:€->|450pstyp
D | (High)
E|>E¥
R
\
550 ps
e
[ L PN )
U !
w
:<—>' 450 ps typ
D : (ngh)
1
BlagsV90° :
R 1
]
(I
]
]
v :
\
o
u .
| l
1
D
}
[
!

Powered by ICminer.com Electronic-Library Service CopyRight 2003

4-30




w

TEKTRONIX INC/ TRI QUINT 2LE D E 8906218 0000530 2 EMTRG

51 | GigaBit Logic

T-45-11
16G044
16G044M

AC WAVEFORMS (cont.)
Fr<Fv '
RO
i
)
v
¢
L 1 o
| | (High)
!
u ! >} S50Bs .
i 4 1
1 ]
1
D 1 ’ \ ’ \ ’
1
K->1 450 ps typ
PACKAGE PINOUT DIAGRAMS

PACKAGE TYPE “L”

£3_8
S >>>
5 4 3 2 14039383736
35G VSS
vce
Gnd 16G044
VEE (Top View)
Vss
VSSs
u
Vss

> G >

NOTES: Pin 1 is marked for orlentation; all unmarked
pins are unused.,

PACKAGE TYPE “C"

16G044

(Top View)

Vss

NOTES: Pin 1 is marked for orientation; all unmarked
pins are unused,
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gt -ogie 18 PIN PACKAGE

24 PIN METAL FLATPACK

Type H
1.250 500 Min.
17 e
A | j23
3| 22
Jow 0.0 A e
! S I bt |1 —_ A
11 1 N
: JR— . 19
1.250 A, . e
¥ 8|l 17
0.100 Typ. 9| s
$ P—1 15
—1 P S C S
i 13
y \ v
Tolerances: 0.005 R 0.060 Typ. \ 0.035 *0-010
All dimension in inches R 0.020 Typ. - 0.005
R. 0.015 Max. 0.040 DIA.
0.040 Typ. 0010
@/ Section A-A ‘jl-*—— 0.160%;::0.050
e e Detal B
See Detail B 0.020 x 0.002

18 PIN LEADLESS CHIP CARRIER

TYPE L1
0.09
TYP { 0.25 £ 0.0085Q

(230) , (6.35 = 0 20)

40.016 TYP
l ——I (0 41)

18-R 0.0087 TYP

(0.22)
14-0.024 TYP No.1 LEAD
0.031 REF ; (0.60» IDENTIFIER
(0 80) _L

l 4-0.038 TYP
0.97)
0.050 TYP
(1.27)

All dimensions shown in inches and (millimeters)
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36 PIN LEADLESS CHIP CARRIER

TYPE L36
0.100
max 0.030 +.008
P 0.020 +.008
0.016 SQ REF
:I [
] I
[
L
TOP :
VIEW :
! .
J T conduction
14 ]24 I
I
15 23
Kovar lid .012 radius typ. A
.009 radius typ.
NOTES:
1) The package bottom thermal vias, top lid surface and 4 metallized corner castellations (when present) are all at Vss
potential.
2) All dimensions in inches.
3) Plin #1 identifier may ba an elongated pad or small, square gray marker.
36 /O LEAD FLATPACK
TYPE F
WITH UNFORMED LEADS WITH FORMED LEADS
. . 0.005 thick kova
AN H H H H H H H H H oas0Tve A, lead frame |
\ | .~ 0.010 thick kovar lid
—rh — ]‘ 1 o
] ———-* o ] .
— — z° &8 | 1
| ——1 7 1 i
/] I 8 @ [ 1
] — S § 1
— —— ¢ « o ;
| R—— —— ] 1
| — :IT ] [ v
7 b Lh =3
0.047 £ .005 :{T 0.040+.005 § S
0.085 £ .005 g
| ood0x005 T | =
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40 PIN LEADLESS CHIP CARRIER
TYPEL

*—0.105 £ 0.005

0.480 + 0.008 ;’ 0.010 thick recessed kovar lid
. - o 0.0 0.002
#——0.360 + 0.005— F 20%

i

|

{

]

i

i

a
s
v
(3]
S
BOTTOM S
= N
% =T >
fE—
=== 2
Qo
= 2
=
020 X 45° ‘ Id
CHAMFER — +0020 ™*1 0,040 REF
(4 PLCS) TYP.  10.040 + 0.003

Heatsink attach area
Top surface vias (0.011 £ .001 by 0.020 + .002

40 PIN LEADED CHIP CARRIER
TYPE C

7

(LR i U e

Paog ihick h—0 105+ 0 005
0 L fn 1
25+ 002 mm'ﬁ bl sbmbnmin: In
=
index N
== N
= BOTTOM LN
_ VIEW ==
==
d]
020 X 45° 1 = 0 230 REF
CHAMFER ™ 0028 TYP “l 0 040 ref 020 = 002
i

0480 + 0 008——— 1 0010 thick recessed kovar lid Pin #1
i
WHCASICHE AR
0025 + 008 ==
Heatsink attach area
(4 PLCS) radius

008 £ 0 003 thick__,!
0360+ 000 P 0020+ 0002
-
ﬁﬁmﬁbﬂ“r‘m@ +
/1w (uininlnteinhl i)
I
0040 + 0 003 Top surface vias (0011 + 001 by 0 020 + 002

NOTES

}1; Footpnnt s JEDEC stardard outiine
(2} Top surfaca v 13 (for termimating ressstors ang decoupling capacitars) are nat

avadablo onpins 34 17 18 232437 and 38
3) Top surface matal (not includ ng vias) and o ~s 3 and 23 are lixed at VTT porental
4) Rocommended top sirace chi res 50°s are0 040 long by 0 020 w 3 by 0010 |

thick typ 100 mw minnominal powar ra‘ing (Mini-Systems MSR 21 or eguva'ent) |
(5) Recommended top sur'ace cho capac fors are 0 C49 ong by O 030 wide By 0020 | [j

thick typ 25% VOCW 100Cof min (Johanson ROS c356 of equivaent] Screened Dielectric
6) Recommended hea'sinks a 8 GBL PiNs S0GHS 40 A ard 90GHS 40 A '

Thermally conductive, 8 ac‘wca\ly[nor»cmd.mwa fpoxry 1s racommandced for ’

heatsink attachment (Ablastick 789 4 or 561K, or rermalloy Thermabong™ |

iBare Ceramic. . .. ..

Top Surface

TOP SURFACE LEGENr! Terminating/Decoupling Detall
s T

Metalized Ceramic 2 W A0 PROY 0% F

BOI% LN DL CRUG
OVER QHOUIND PLAML S
NEEEEE
g
ez

or equivalent )
(8) L40 and C40 packages are dimensionally xdentical sxcept for contact hinger width

NPUT 8.GrALOR
POWER SUPPLY VA
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68 PIN LEADED CHIP CARRIER

TYPE CA
— re— 0.050 (C1A)
— l— 0.060 (C1B)
0.020 ] 0.750 5q
0.010 ~i-
- _ ) ) L
Pin#1 g T
index Pin #1
1 index
0.015 & % 3
0.610 TCP‘
N 0.620 VIEW
0.040 %
¥ 5
0.035
— .
—ite—
0.010
1. Alldimensions In inches. GULLWING LEADS
2. C1A PACKAGE: Package lid, top, and pins 4, 9, 14, 21, 26, 31, 38, 43,
48, 55, 60, 65 are at common potential (system ground). 0.010 £0.005
3. C18 PACKAGE: Package lid and pins 4, 9, 14, 21, 26, 31, 38, 43, 48,
55, 80, 65 are at common potential (system ground).
4. Tolerance on all dimensions is + 1 % but not larger than + 0.005. i
Tolerance on 0.640 end pad to end pad dimension is + 0.003. T e
0.015 £0.005 a
0.020 + 0.008
132 PIN LEADED CHIP CARRIER
TYPE C3
[~ 0.950 P2 i Lead Side ),pin 1
TN pa N~ U
P2 P
0,050 [0 (2 i
P3 0. 15 0.140
Vo365 |fooso TOP 411" ~={ie-0005
De "y VIEW
Cany 0345 Pa 0.1854
—4 0.420 )
P7
Ps —t@ (C3trs
X
Capacitor
i 15803390032 USANRIERREANAN] Pé 1 N
L3111 I 0.950 |

0.190 Min.
] U Power Pins (8}

8 Ground Pins (28)
2 Signal pins (96)

All dimensions in inches
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