Keysight 1GC1-8290
DC - 12 GHz Multi-Modulus

Packaged Prescaler
1GC1-8290-BLK /” diameter reel/500 each
1GCT-8290-TR1 bubble strip/10 each

Data Sheet

Features

- Multi-modulus (ECL selectable)
divide by 1,2,4,8, or 16
- Input frequency range:
0.1 to 12 GHz (sinewave input)
DC to 12 GHz (squarewave input)
- High input power sensitivity:
On-chip pre- and post-amps
-20 to +10 dBm (Typ. 0.5 to 6 GHz)
-15 to +10 dBm (Typ. 6 to 10 GHz)
-10 to +5 dBm (Typ. 10 to 12 GHz)
- Dual-mode P_
0.0 dBm [0.5 V,,_p] @ 96 mA
+6.0 dBm [1.0 Vp_p] @ 118 mA
- Low phase noise:
-153 dBc/Hz @ 100 kHz offset
- Positive or negative single supply bias
operation
- Wide bias supply range:
4.5 to 6.5 volt operating range
- Differential 1/0 with on-chip
50 Q matching
KEYSIGHT - Available in RoHS compliant, 20 pin
TECHNOLOGIES 4 mm x 4 mm QFN SMT package with
integral heat sink

Unlocking Measurement Insights
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Description

The 1GC1-8290 GaAs HBT MMIC prescaler offers broadband frequency translation for use
in communications and EW systems incorporating high-frequency PLL oscillator circuits
and signal-path down conversion applications. The prescaler provides multiple-modulus

division and input signal pass—through capability as well as a large input sensitivity

window, and low phase-noise. The 1GC1-8290 is available in either die form (1GC1-4021)
or a 20-pin surface-mount QFN package (1GC1- 8290). In addition to the features listed

above the component offers differential I/0, dual-output power mode plus an input
disable pin to eliminate any false triggers or self-oscillation condition.

Absolute maximum ratings'
(@ TA = 25 °C, unless otherwise indicated)

Symbol  Parameters/conditions Min Max Units
Ve Bias supply voltage +7 Volts
Ve Bias supply voltage -7 Volts
V..~ V., Biassupply delta 0 +/ Volts
Vo aoas Modulus select voltage Logic™ Ve Volts
I Pre-amp disable voltage Ve, c Volts
V e Logic threshold voltage V.-1.5 Vi -1.2 Volts
Pocw CW RF input power +10 dBm
V. DC input voltage V,,+05 Volts
(@ RF, or RF, ports)
7.7 Pkg heatsink operating temp. -40 +85 °C
T, Storage temperature -65 +165 °C
T Maximum solder reflow temp. 260 °C

(Max. 3 cycles @ 30 sec/cycle)

1. Operation in excess of any parameter limit (except Top) may cause permanent damage to the device.
2. MTTF »1X10° hours @ TOp < 85 °C. Operation in excess of maximum package pin operating temperature

(Tup) will degrade MTTF.

Package type: Quad flat - no
pins (SMT QFN)

Package dimensions: 4.0 x 4.0
mm (0.157 x 0.157 in)

Package thickness: 0.90 +
0.10 mm (0.035 + 0.0039 in)
Pin pitch: 0.5 mm (0.0197 in)
Pin width: 0.2 mm (0.009 in)
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DC specifications/physical properties
(T,=25°C, V. - V. = 5.0 volts, unless otherwise listed)

Symbol  Parameters/conditions Min Typ Max Units
V.=V Operating bias supply difference’ 4.5 5.0 6.5 Volts

Bias supply current

I Jorll | (HIGH output power configuration VP . =V, 100 8 136 mA
cc or EE .
Bias supply current

(LOW output power configuration: VP, = open) 83 % 1o mA

Varia Quiescent DC voltage appearing at all RF ports Ve Volts
RFout(q)

Nominal ECL logic level

VLDQ‘C (On-chip, self-biased ECL-threshold voltage) Voo = 1:40 Voo 134 Vee =125 Volts

1. Prescaler will operate over full specified supply voltage range. V. or V. not to exceed limits specified in Absolute maximum ratings section.
2. High output power configuration: P _ [V_ ]=+6.0 dBm [1.0\/D?p ], Low output power configuration: P_ [V ]=0.0dBm [0.5 Vp,p]-

out" " out; out* " out;

RF specifications
(T,=25°C,Z,=+500Q, V.-V, = 5.0 volts)

Symbol  Parameters/conditions Min Typ Max Units
Nosio Divide modulus, N: £, =f; /N, pass-through: N=1 1,2,4,8, 0r 16
Maximum input frequency of operation’ 6 8 GHz
(P =-5dBm, modulus = 1)
fm(max) . . .
Maximum input frequency of operation 19 16 GHy
(P, =-5dBm, modulus = >2)
S Minimum input frequency of operation?
(P =1 dBm) 01 0.3 GHz
Seot-osc Output self-oscillation frequency? 136/N GHz
. @ DC, (square-wave input) -20 -25t0>+10 +10 dBm
" @£, =500 MHz, (sine-wave input) -18 -2810 > +10 +10 dBm
f,=1t04GHz -18 -25t0>+10 +10 dBm
f,=41t06GHz -1 -20to> +10 +9 dBm
f,,=61t010 GHz -9 -15t0 +10 +6 dBm
/,,=10t0 12 GHz -7 -10to+b +1 dBm
Small-signal input/output return loss
RL (@f,<12GHz) " o
S, Small-signal reverse isolation
(@, <12GHz) 25 a8
P, SSB phase noise (@ P, = +10 dBm, 100 kHz B
Offsetfroma f, = 10.2 GHz carrier, N = 2) 153 dBe/Hz
. Input signal time variation @ zero-crossing
ST 40 GHz P, = -10dB) 1 S
TorT, Edge speed (10 to 90% rise/fall time) 70 pS

1. For output amplitudes with less than 3 dB roll-off from 1 GHz output power values.
2. Forsine-wave input signal. Prescaler will operate down to DC for square-wave input signal. Minimum divide frequency limited by input slew-rate.
3. N =Divide modulus. Prescaler may exhibit this output signal under bias in the absence of an RF input signal. This condition may be eliminated by

use of the Pre-amp Disable (V) feature, or the differential Input de-biasing techniques.
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RF specifications (continued)

(T,=25°C,20=+500Q, V-V =50 volts)

High output power operating mode'

Symbol  Parameters/conditions Min Typ Max Units
@/, 1GHz 4.0 6.0 dBm
. @/f,,=3GHz 3.0 5.5 dBm
@f,,=6GHz 1.0 4.0 dBm
Vo @/« 1GHz 0.99 Volts
out(p-p) @f, =3GHz 0.94 Volts
@/f,,=6GHz 0.79 Volts
Output frequency power level appearing at RF, or 08 dBm
. RF, ports. (@ f, 12 GHz, N>1, unused RF_ unterminated)
ek Power level of output signal appearing at RF, or RF, ports. 40 .
(@ £;,12 GHz, N>1, unused RF_ terminated into 50 Q)
Prcsiing Power level of input signal appearing at R or RF o5 dBe
(@f, =12 GHz, P_= 0 dBm, referred to Pin(f, ), N>1)
¥ Secqnd harmonic distortion output level 99 dBc
: (@f,,=3.0GHz, referredto P_ (£ )
Low output power operating mode?
@/f,,<1GHz -2.0 0.0 dBm
out @fom: 3 GHz -3.0 -05 dBm
@f,,=6GHz -5.0 -2.0 dBm
@f,,<1GHz 05 Volts
Voo — @f,=3GHz 0.47 Volts
@f,,=6GHz 0.39 Volts
Qutput frequency power level appearing at RF, or 34 dBm
. RF, ports. (@ f, 12 GHz, N>1, unused RF_ unterminated)
ek Power level of output signal appearing at RF, or RF, ports. 4 .
(@ £;,12 GHz, N>1, unused RF_ terminated into 50 Q)
p Power level of input signal appearing at RF_ o5 dBe
feedtru (@ f,=12GHz,P,=0dBm, referred to P_(f.), N>1)
H, Second harmonic distortion output level 22 dBc
(@ f,,=3.0GHz, referredto P_ (£, )
TV, =V
2. V,,.s=0pen circuit.
Ve, Ve,
RFW RFQLt
— R7F0u1
RF,
| \/EE | | \/D\SAB\ E | | AW |

Figure 1. 1GC1-8290 Simplified schematic

See figure 6 for 1GC1-8290 pin connections
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Applications

The 1GC1-8290 is designed for use in high frequency communications, microwave instru-
mentation and EW radar systems where low phase noise PLL control circuitry or broadband
frequency translation is required.

Operation

The package is designed to operate when driven with either a single-ended or differential
sinusoidal input signal over a 100 MHz to 12 GHz bandwidth. Below 300 MHz the prescaler
input is "slew-rate" limited requiring fast rising and falling edge speeds to properly divide. The
device will operate at frequencies down to DC when driven with a square-wave as long as the
slew rate is greater than 0.18 V/nS or 10% to 90% edge speeds of ~ 3 nS. AC coupling at the
RFin pin is recommended for most applications.

The package can be operated from either a single positive or single negative supply. For
positive supply operation VCC is nominally biased at any voltage in the +4.5 to +6.5 volt range
with vV (or V. &V, ..) grounded. For negative bias operation, V. is typically grounded and a
negative voltage between - 4.5 to -6.5 volts is applied to V. (or V.. & V,,, . )- The package will
operate in pass- through mode (with unity divide modulus) or at any of four different divide
ratios including 2, 4, 8, or 16 according to following table:

Modulus select truth table
1GC1-8290 Select lines’

Divide modulus A, A, A,
=1 L L L
=2 L L H
4 L H L
=8 L H H
+16 H X X

1. See Table Below.

Valid input logic threshold values (ECL-compatible)'

(T,=25°C)
Function Symbol Conditions Valid input control levels and
resulting current values (mA)

Voissieign LDisable] (Vg * 0-26) through V.,
|ﬂpUt vD\sable(Low) [Enable] VEE thrOUQh (VLog\c - 025)
disable

loiasie V> Veer3 (VDlsame Ve~ 3) /5000
V, <V +3 0
Vselect (A1, A2, A3)
(high-state) (Vo + 0.25) through V.

Maodulus Vselect (A1, A2, A3)
select (low-state) (Vo =2.0) through (V, . 0.25)

Iselect (A1, A2, A3)

(high & low-state) (Vselect, ,, .=V~ 3) /5000

1. See DC specifications table for self-biased V, ___operating values.

Logic
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See Figure 6 for package pinouts and bias/RF connection locations.

Several features are designed onto this prescaler

Dual-output power feature

Bonding both V. and VP_ . pins to either ground (positive bias mode) or the negative supply (negative
bias mode), will deliver ~6.0 dBm [1.0 Vp,p] at the RF output port while drawing ~118 mA supply current.
Eliminating the Vo, connection results in reduced output power and voltage swing, 0.0 dBm [0.5V_]
but at a reduced current draw of ~96 mA resulting in less overall power dissipation.

Note: V.. must always be bonded and V
V. or open-circuited.)

,must never be biased to any potential other than

PwrSe

V, ECL pin

Logic
Under normal conditions no connection or external bias is required to this pin and it is self-biased to the
on-chip ECL logic threshold voltage (V.~1.34 V). The user can provide an external bias to this pin
(1.5to 1.2 volts less than V) to force the prescaler to operate at a system generated logic threshold
voltage.

Input disable feature

By applying an external bias to this pin (more positive than V CC -1.34 V), the input preamplifier stage is
locked preventing false trigger frequency division and self-oscillation frequency

Input DC offset

Another method used to prevent false triggers or self-oscillation conditions is to apply a
20 to 100 mV DC offset voltage between the RFin and RFin ports. This prevents noise or spurious low
level signals from triggering the divider.

Assembly techniques

Figures 4 and 5 show the package assembly diagram for single-ended or differential I/0 operation
through 12 GHz. For positive supply operation, V. is typically biased to a positive voltage between
+4.5and +6.5 volts and V. is grounded. For negative supply operation, V__ is typically biased between
-4.5to -6.5 volts and V. is grounded. In either case the supply contact to the package bias pin must be
capacitively bypassed (0.07 uF, recommended) to provide good bias stability, input sensitivity and low
input power feedthrough. The bypass capacitor should be located as close as possible to the package
pin.

Since the voltage applied to the modulus select lines must not be less than V2.0 volts, 2 KQ

resistors are generally added between the select line controls and the V. supply rail.

In general, AC coupling capacitors are recommended on the RF,_and RF_ connections to the package.
For positive supply operation, V.. is positively biased resulting in a positive DC voltage appearing at
RF, or RF_ .. Inthis case a AC coupling cap is required.

Due to on-chip 50 Q matching resistors at all four RF ports, no external termination is required. However,
improved input sensitivity and reverse "Spitback" performance (~12 dB) can be achieved by a) terminat-
ing the unused RF_ portto V. through 50 Q, or b) through 50 Q to ground via an AC coupling capacitor
for positive supply operation or c¢) through 50 Q directly to ground for negative supply operation.

For singulated package dimensions of the 4 mm x 4 mm QFN package, refer to Figure 6.

The QFN SMT package is compatible with industry standard solder-reflow attach processes.
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Moisture Compatibility

Injection mold components like the TGC1-8290 are moisture-sensitive. The product is tested
to the Moisture and Reflow Sensitivity Level 3 as per IPC/Jedec J-STD-020 and must be
mounted within 168 hours of opening the shipping container. Store and handle parts for reflow
and for rework per IPC/Jedec J-STD-033B.

CAUTION .
This bag contains 3
MOISTURE-SENSITIVE DEVICES

If Blank, see adjacent
bar code label
1. Calculated shelf life in sealed bag: 12 months at <40°C and < 90%
relative humidity (RH).
2. Peak package body temperature: 2o oC
If Blank, see adjacent bar code label
3. After bag is opened, devices that will be subjected to reflow solder
or other high temperature process must
a) Mounted within: 1.2 hours of factory
If Blank, see adjacent bar code label
conditions < 30°C/60%.
b) Stored at <10% RH.
4. Devices require bake, before mounting, if:
a) Humidity Indicator Card is >10% when read at 23+ 5°C
b) 3a or 3b not met.

5. If baking is required, devices may be baked for 48 hours at 125+ 5°C.

Note: If device containers cannot be subjected to high temperature
or shorter bake times are desired,
reference IPC/JEDEC J-STD-033 for bake procedure.
Bag Seal Date: 5-5-10 Do
If Blank, see adjacent bar code label

Note: Level and body temperature defined by IPC/JEDEC J-STD-020

Figure 2. TGC1-4251 moisture sensitivity label

Tape and Reel

The 1GC1-8290 is available in tape and reel format to facilitate automatic pick and place
manufacturing. Figure 5 shows the tape dimension for the 1GC1-8290 packaged solution.

ESD and Handling Precautions

GaAs MMICs in either chip or SMT packages are ESD sensitive. ESD preventive measures
must be employed in all aspects of storage, handling, and assembly. MMIC ESD precautions,
handling considerations, die attach and bonding methods are critical factors in successful
GaAs MMIC performance and reliability.

Keysight Technologies, Inc., GaAs MMIC ESD, Die Attach and Bonding Guidelines - Application
Note (56991-3484EN) provides basic information on these subjects.

AM KEYSIGHT

Made in USA of US and 4/16/10
Foreign parts

PART#: 1GC1-8290

WAFER#: 4KX224038

DEVICE : 1GC1-8290

LoT: AG2958241

QTY: 500 VENDOR: AZ
ELECTROSTATIC SENSITIVE
DEVICES AvaA

Figure 3. Tape and reel label
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Positive supply

~0.07 puf Monoblock ~0.07 uf Monoblock

SMT AC coupling capacitor SMT bypass capacitor
(4 places) Ve (+4.5 10 +6.5 volts)

¢

VDisabIe

A A A V.. (Gnd)

Multi-layer, VIPPO*, RF and DC ground VIAs) 0.0 Q SMT Resistor

Figure 4. 1GC1-8290 assembly diagram: single-supply, positive-bias configuration

Negative supply

~0.01 pf Monoblock
SMT AC coupling capacitor
(4 places - optional)

Multi-layer, VIPPO*, RF and DC ground VIAs)

0.0 Q SMT resistor

pananl

VDisahIe

V,, (-4.5t0 -6.5 volts)
~0.07 mf Monoblock SMT Bypass capacitor 0.0 Q SMT Resistor

Figure 5. 1GC1-8290 assembly diagram: single-supply, negative-bias configuration

OPTIONAL V

w/pin connected to V.
HIGH P, assembly (+6.0dBm [1.0V _J@ l.=-118 mA)

OPTIONAL V,, .. pin connection

w/pin connected to GND:
HIGH P_, assembly (6.0dBm[1.0 VH} @l,=118 mA)

w/pin NOT connected to GND:
LOW P_ assembly (0.0 dBm [0.5 VMJ @ 1= 96 mA)

Supply bypass capacitors should be
positioned as close as possible to the
package supply pin.

V. MUST be grounded (positive supply
configuration) or biased to a negative
supply (negative supply operation.) V, .
connections are optional depending on the
output power and supply current require-
ments of the application.

The package backside grounding pad MUST
be soldered to a good RF ground trace and
thermal heatsinking area on the PC board
to achieve optimum forward and reverse
isolation. The package backside grounding
pad is NOT DC connected to the device DC
ground.

For single-ended output operation the
unused RFout or RFout Pin should be
terminated in 50 Q to V. or to ground
through an AC coupling capacitor (positive
supply operation) or to ground (negative
supply operation) to achieve optimum
input sensitivity and reverse "Spitback"
performance.

PCB ground paddle should incorporate
multi-layer, “Via In Pad Platted Over
(VIPPO)* RF and DC grounding vias.

sursel PIN CONNEction

w/pin NOT connected to V.
LOW P_ assembly (0.0 dBm [0.5 \/Mj @ l,.=96mA)
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~——2.00£0.10—=
~ Pin12

/

uif

2.00+0.10

Pin 1+

1 XXXX

YYWW

Topside label:
nnXX-nnXX = Keysight 4x4 part number

YYWW = Year - Work Week

Figure 6. 1GC1-8290 package dimensions

(0.40 typ)

“ ’—; T E Pin 12
—W‘EJ (017 typ)
) il
) "~ Pin 1(1 )
D \

ATAEYAN

0.90
7l +000 [
—~~ (0.02 typ)
.
/rﬁl m—\\
o
(0.20 typ)
(10.30 typ
f
‘I ~— (0.152 typ)

5\

~—1.07—

X "8

"“-\_ R 000 4

(3XR " typ)

yp)

0.15

Permanently mark 4x4 part number without leading ‘1G’ and ‘42, and date code
(Example: ‘C145’ for TGC1-4245 year, work week)

Side of lead is not plated (bare copper alloy) max burr 0.05 mm
Lead plating per assembly drawing

Notes: (Unless otherwise specified)

2.0040.05

- —

40007

=— 4.00

e

50 +gv'|0

o O O

O

User feed
direction Cover tape
0.30— =
0.30
R0
i
2.40
= f
1.30 L
Section A-A
scale 10 X

Figure 7. 1GC1-8290 tape and reel configuration

O

3

odooo&ﬁj

e P e e 5.50 £0.05[3]
00EOEEREOERE——
12.00 0.30
R0.25 l
12,40 - /
A
@1.50 min

Notes: (Unless otherwise specified)
10 sprocket hole pitch cumulative tolerance +0.2
2. Camber in compliance with EIA 481

Pocket position relative to sprocket hole measured
as true position of pocket, not pocket hole
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Supplemental Data
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Figure 10. Output voltage waveform (Low P_ mode)

Figure 11. Output power vs. output frequency, . . (GHz)
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terminateé
mmm Div2
— Div 4
Div8
—— Div16

Pspitback (dBm)

S

|
(&)
(=)

|
[=2]
o
o

2 4 6 8 10 12
Input frequency. fi, (GHz)

14

Figure 12. Phase noise performance

Figure 13. "Spitback" power P(f, ) appearing at RF input port
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Supplemental Data
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you reach your next breakthrough. We are unlocking the future of technology.

[

From Hewlett-Packard to Agilent to Keysight
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myKeysight myKeysight
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KEYSIGHT SERVICES ~ Keysight Services
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Lower costs.

www.keysight.com/find/service

Keysight Services can help from acquisition to renewal across your
instrument’s lifecycle. Our comprehensive service offerings—one-stop
calibration, repair, asset management, technology refresh, consulting,

training and more—helps you improve product quality and lower costs.

Keysight Channel Partners

www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and product
breadth, combined with channel partner convenience.

This data sheet contains a variety of typical and guaranteed performance
data. The information supplied should not be interpreted as a complete list of
circuit specifications. Customers considering the use of this, or other Keysight
Technologies GaAs ICs, for their design should obtain the current production
specifications from Keysight. In this data sheet the term typical refers to the
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