Keysight 1GG6-4080
0.155 - 43 Gb/s Differential 1/0,
High Power, Output Amplifier
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Features

- Frequency range: 50 GHz
single-ended), 30 GHz (diff.)

- Single-ended or fully differential
I/0 operation

- Low additive jitter: 600 fs,
(43 Gb/s 23" - 1 PRBS, RMS typ.)

- Fastrise and fall times: t /t, 10-90%,
Vo= 14V, ) = 15 ps

- Variable output amplitude control
(differential operation): 2to 14 V__|

- 20-80% cross—point adjust capability

- Average DC output voltage monitor pads

- Small signal gain: 8 dB (w/diff. input drive)

- High output power/high output diff. voltage:
21 dBm (S.E.) to 30 GHz
14 Vp-p (diff.) @ 43 Gb/s

- Output power response flatness:
+1 dB (to 30 GHz)

- Input/output return loss: > 12 dB (typ.)

- On-chip resistive & diode temperature
sense capability
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Description

The 1GG6-4080 High Power, Differential I/0 Amplifier is ideally suited as a MZ or LINO3
Optical Modulator Driver for 10 & 43 Gb/s (NRZ OC-192 & OC-768) communication infra-
structure and line-card amplification applications. Each fully differential I/0, integrated
circuit is capable of amplifying high-speed clock and data signals with low additive jitter
(< 800 fs RMS, PRBS) and fast edge speeds (~15 ps, 10-90% tr/t,).

These devices are fabricated using Keysight Technologies, Inc. PH9B GaAs PHEMT
process to deliver ~8 dB differential small signal gain with up to 21 dBm S.E. P_ up to
30 GHz. On-chip bias capabilities allow for variable output amplitude control, cross-
point control, monitoring of average DC output voltages and on-chip temperature.

Absolute Maximum Ratings
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Cont. oper’ Damage Imt?
Symbol Parameters/conditions Min Max Min Max Units
Rionons Load Resistance to ground for each output 45 55 25 75 Ohms
Voone Second gate voltage -775 0 -9 +0.5 Volts
Voms First gate voltage -18 0 -25 +2 Volts
Vasne Common current source voltage -14 0 -16 +0.5 Volts
loons Second gate current (per side) -1 +1 -3 +3 mA
lone First gate current (per side) -10 0 -12 +40 mA
lssn e Current source current -350 O =450 +20 mA
P DC power dissipation 4.55 60 Watts
P Maximum CW input power (per side) 2 20 dBm
Vo Maximum input AC voltage (differential) 14 1 Vp_p
CwW Continuous wave operation (sinewave input) 10 1 MHz
Duty cycle Operating duty cycle in any 0.1usec 45 55 35 65 %
time interval

T, Operating junction temperature +150 °C
Tbs3 Operating chip backside temperature -10 +65 -20 +100 °C

o Storage temperature -65 +165 °C

. Maximum assembly temp. 300 °C

(for 60 seconds maximum)

1. Operation in excess of any one of these conditions may result in performance and reliability degradation to
this component. MTTF degrades by a factor 2 for every 10 degree increase in operating temperature greater

than Max. T, . Parameters specified for continuous operation at T, < 65 °C.

2. Operation in excess of any one of these conditions for > 100 mSec may result in permanent damage to this

component. Parameters specified at  T,= 25 °C, except for temperature specs.

3. Measured at chip backside metal to die attach material interface. Operation in excess of T _ = 65 °C possible

at I, < 350 mA. Contact Keysight for more information.

=) 5T T OO
Chip size:

1880 x 1410 pum (74.1 x 55.5 mils)

Chip size tolerance:

+10 um (0.4 mils)

Chip thickness:

127 + 15 pm (5 0.6 mils)

Pad dimensions:

70 x 70 um (2.8 x 2.8 mils)
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DC Specifications/Physical Properties

— o — 1 . _ —

(T,=25°C, R ,,, =50 0hms to OV, Bias: V,, ;= 7.5V, Vg, jiag = -17V,

V., = Adjusted to I,;= 300 mA", V, 5x= -3.75 V [unless otherwise specified])?
Symbol Parameters/conditions Min  Typ Max Units
lons First gate current (per side) -0 -6 -4 mA
Al Delta first gate current (I_,,-,,,) -03 0 0.3 mA
TCAI, |, balance temperature coefficient: (Al -Al)/2 °C3 S50 5 uA/°C
loons Second gate current (per side) -05 0 0.5 A
Vg Common source voltage 14 25 -0 mA
lonon Data input (data input bar) DC current -85 -70 -55 mA
| peica Delta input DC current -6 0 +6 mA
Voourgomes  Output DC voltage (balanced output) -415 -355  -295 V
Vo ur0eita Delta output DC voltage (balanced output, V., - Visi7) -075 0 +075 V
loouroo0r DC output load current (per side) 75 100 mA
Voo Min. differential input voltage to fully switch output 8.0 Vo,
VDOUmeW‘* Low output DC voltage (fully switched output) -75 -7.0 vV
VDOUTmmgh4 High output DC voltage (fully switched output) -0.3  -0.01 0 V
RmAB5 First gate DC input resistance (unbiased, per side) 1.6 2.2 2.8 K-ohms
RGZA86 Second gate DC input resistance (unbiased, per side) 0.2 11 2.0 M-ohms
Ry Source node DC input resistance (unbiased) 2.0 26 32 ohms
Ronan Data input (data input bar) DC input resistance 35 475 60 ohms

(unbiased, open circuit input)
Roourmj Data output (data output bar) DC output resistance 8 14 20 ohms
‘ (unbiased, w/external 50 Q termination to 0V)
1. VSS=~-125V.
2. All current polarities are positive into device.
3. Measured Al, @ T, T,where T,-T =2°Cfor-5°C <T1,T2 <+70°C.
4. Vg o Setto(0,-7.5) or (=7.5,0) to fully switch output High or Low. Device should not be operated continuously in the

fully switched condition. Minimum frequency for fully switched operation >= 1 MHz.

All other nodes short circuited, V, = -1.0v, R, =V /I,

6. All other nodes short circuited, lgp = +0.5 uA (positive current into device), Rg= Ve/'ez- This node is highly non-
linear and the resistance value measured is highly dependent on current injected from measurement equipment (i.e.
handheld DVM, etc.).

7. All other nodes short circuited, V= +0.1v, R ;= V /I or V.= +0.1v, R
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Frequency-Domain RF specifications'

(TA=25°C, Ry, = 50 Ohms to 0V, Bias: V,,, ;= 7.5V, Vg, 5= —17V,

Vs = Adjusted to I =300 mA?, Vo= = -3.75 V [unless otherwise specified])?
Symbol Parameters/conditions Min  Typ Max  Units
me‘* Minimum operating frequency 10 MHz
F oot can Maximum operating frequency (Diff. gain = Diff. gain (1 GHz) -2 dB 35 GHz

i Maximum operating frequency (P, = P, o, =2 dB) 30 GHz
S21 ., Small signal gain® (1- 35 GHz) 0 25 dB
AS, Small signal gain flatness (1-25 GHz) £1.5 +3 dB
Delay Group delay (1-35 GHz) 44 ps
ADelay Group delay flatness (5-25 GHz) +9 ps
TCs,i, Temperature coefficient of gain (~25 GHz) -0.029 ps
RL, Minimum input return loss (1-35 GHz) 10 18 dB
RL,, Minimum output return loss (1-35 GHz) 10 13 dB
ISO Reverse isolation (1-35 GHz) 17 dB
P Output power at 1 dB gain compression (@ F = 25 GHz) 19 dBm
P... Saturated output power at 5 dB gain compression (@ F = 25 GHz) 21 dBm
P Output power at T dB gain compression (@ F=30 GHz) 18 dBm
P... Saturated output power at 5 dB Gain Compression (@ F = 30 GHz) 21 dBm
P rolt Saturated output power roll-off (DC-30 GHz) 2 4 dB
P molot Saturated output power roll-off (30-50 GHz) 10 dB

g wn

Small-signal data obtained via Keysight 8510 series network analyzer, 8565E Spectrum analyzer, 4142 DC modular power
supply system. All measurements, single-ended, except where noted. Large signal data obtained via Keysight 83650B 50 GHz
source and 8565E 50 GHz spectrum analyzer and other associated test accessories.

Vgg=~-12.5V.

All current polarities are positive into device.

RF nodes are DC-coupled, however, device should not be operated continuously in a fully switch manner below 10 MHz.
Differential gain value is approximately 5 dB greater than S.E. value.
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Time-Domain AC Specifications' 2

(T,=25°C, R ,,, = 50 Ohms to OV, Bias: V,, .= 7.5V, V =-17V,

. LOAD G2AB~ GTLowA, B o
V¢, = Adjusted to I, .= 300 mA3, Vo= -3.756 V [unless otherwise specified])
Symbol Parameters/conditions Min Typ Max Units
Datarate  0C-768 NRZ 43 Gb/s
Vo v Max. differential output amplitude, 43 Gb/s, 1010 pattern 12 14 Vi,
Voot Eye amplitude, 2 - 1 PRBS pattern, differential 10 13 Vo,
Vit Eye height, 2°'- 1 PRBS pattern, differential 9 12 Vo,
T/T, Rise and fall time 14 psec
(10-90% V=13V, 1010 pattern, V =3.2V_ )
s Additive random (intrinsic) RMS jitter 75 fsec
(50% data crossing point, 43 Gb, 1010 pattern)
Jr . Additive random (intrinsic) peak-peak jitter 450 fsec
(50% data crossing point, 43 Gb, 1010 pattern)
Jdos Additive deterministic (pattern dependent) RMS jitter 600 fsec
(50% data crossing point, 43 Gb, 2°' - 1 PRBS input jitter)
Jd, Additive deterministic (pattern dependent) peak-peak jitter 3.6 fsec

(50% data crossing paint, 43 Gb, 2°' - 1 PRBS Input)

1. All data obtained via single-ended I/0 operating mode with unused RF I/0 ports terminated into 50 ohms.

2. Data obtained via Keysight 81250 43 Gb/s parBERT series Data Pattern Generator and Keysight 86100B digital communications
analyzer with low jitter timebase option and 86118A 70 GHz remote sampler head plugin module. Jitter and rise/fall times listed
are deconvolved from measurements using the following formula: tr/tf DUT actual = [(tr/tf DUT meas.)2 - (tr/tf system)2]1/2.
Test equipment tr/tf limit ~5.4 ps. System jitter RMS limit ~300 fs (1010 Pattern), 400 fs (2°'-1 PRBS pattern).

3. Vg=~-12.5V.

Figure 1. 1GG6-4080 simplified schematic

Backside of chip must be R o.eMust be
RF and DC ground. RF and DC ground.
| Off chlip loads

v

§ 50 Ohm § 50 Ohm < 50 Ohm—»
RFOUT = -3.75
RFOUT= -3.75
VG2 =75 V— ——VG2=-75V

150 mA 150 mA

1 \ \ 1

11
RFIN = -3.75 V [
NAAAV NAVAVAV. RFIN = -3.75 V
1100 ohm
50 ohm 1290 Ohm 50 Ohm
Rs=12 Ohm
Vgl =-17V vgl=-17V

Vss =~ -12.5V




06 | Keysight | 1GG6-4080 0.155 - 43 Gb/s Differential I/0, High Power, Output Amplifier - Data Sheet

Applications

The 1GG6-4080 can be used in a variety of high output power, frequency-domain
applications through 30 GHz or high-speed time-domain applications requiring good
pulse fidelity and high output voltage swings through 43 Gb/s. The device is ideal as a
differential 1/0, LINO3 Optical Modulator Driver Amplifier for 10 & 43 Gb/s (NRZ OC-192
& OC-768) communication line card applications.

Biasing and Operation

The device consists of ground referenced, multi-section, cascoded differential amplifier
stage. The subscripts “A” & “B” listed in the following voltage descriptions refer to the
two sides of the differential structure. V.. are the negative voltages applied to the
common source FET gate networks of all cascoded stages; “A” along one side and “B”
along the other side of the device. The V., voltages may be varied to accommodate

a wide range of common-mode input voltages, typically 3.75 to O volts. V.. are the
negative voltages applied to the upper or second FET gates of all cascoded stages. V, is
the negative source voltage bias applied to all cascode FET source contacts. The drains
of all cascoded FET sections are terminated to the chip backside providing a “ground
reference” design for improved pulse fidelity performance. Typical bias conditions are as
follows: V.5 = —17 vOlts, V., = —7.5 volts, and V adjusted to 300 mA I (typically V
= -12.5 volts). For proper turn-on bias sequencing, the V, first gate voltages should be
applied first, followed by the V, second gate voltages and then the V. source voltages.
For turn-off, the reverse sequence should be followed.

DC ground connections to the chip top-side GND contact pads are NOT required due
to the conductive backside ground vias available on the MMIC. Conductive die-attach is
required.

The provided “Absolute Maximum” specification limits have been determined such that
the safe operating region and recommended maximum channel temperature (150 °C) are
not exceeded when the backside of the device is < 75 °C. Operating this device beyond
the specified maximum voltage and current limits may result in rapid performance
degradation or permanent damage to the device due to electrical overstress.

The chip also includes optional temperature monitoring contact pads for either a
diode-based or resistor-based temperature sensing structures.

Assembly Techniques

GaAs MMICs 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 bond- ing methods are
critical factors in successful GaAs MMIC performance and reliability.

The Keysight Technologies, Inc. application note GaAs MMIC ESD, Die Attach and
Bonding Guidelines, literature number 5991-3484EN, provides basic information on
these subjects.
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Figure 2. Default assembly and biasing configuration

Each bias node shunted by Vaoa Veitowa  Vss >100 pF chip capacitor(s) Notes
additional large value capacitors (::[::i,f;::ﬁt:/
(215nFto 1 uf) | [ [ 1. All bonds should be as short as
DIN '\ J/ Shim DOUT possible to limit inductance.
~ ) \

2. Single wire bonds may be

g2k LT 1 substituted for RF mesh bonds

W\\f\mf\/ N | i)
BimimImpRn provided they are stacked on
o A 800 8.0 5 device pad and extend to corners
= SretatahEtes = of TF trace(s).
et e R 3. Device may be soldered to Au-Mo
i 7 Shim using 80/20% Pb/Sn solder
DIN 1 \ DouT or Ablestik 84-1LMI Silver Epoxy
Backside of chip must be (< 12 micron thick) cured for

Each bias node shunted by x,i,t RF and DC ground.

additional large value capacitors — "\ > 100 pF chip capacitor(s)
(215nFto 1 uf) Vas VGi(Lows .

1 hour @ 150 °C.

. Shim should be epoxied to large
heat-sink or microcircuit housing
using 84-1LMI epoxy cured for
1 hour @ 150 °C.

5. All unused RF input or output

ports should be DC terminated
into 50 Q.

Figure 3. Bonding pad position (dimensions are
in micrometers)

Notes
1410 1. T, , &T, , are contact pads for

—1330 Tg_g the optional on-chip temperature
—1180 Tgoo monitoring thermal

sensing structure.
—1005 GND 2. TposH) & T, (=) are contact
—_ 855—DOUT pads for the anode and cathode,
— 705 GND respegtively of the optiongl .

on-chip temperature monitoring
— 555—DOUT diode structure.
— 400 GND
— 230 Tpjode(*)
— 80 TDiode(‘)

0,0 ol
N~

Do Not Use 1250—
1880

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. In this data sheet the term typical refers to the 50th percentile performance.
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Evolving Since 1939

Our unigue combination of hardware, software, services, and people can help you
reach your next breakthrough. We are unlocking the future of technology.

From Hewlett-Packard to Agilent to Keysight.

myKeysight

KEYSIGHT SERVICES
Accelerate Technology Adoption.
Lower costs.

ASSURANCE PLANS

myKeysight
www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

www.keysight.com/find/emt_product_registration
Register your products to get up-to-date product information and
find warranty information.

Keysight Services

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 Assurance Plans
www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure
your instruments are operating to specification, so you can rely on
accurate measurements.

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.

www.keysight.com/find/mmic

KEYSIGHT

TECHNOLOGIES

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

Americas
Canada (877) 894 4414
Brazil 5511 3351 7010
Mexico 001 800 254 2440
United States (800) 829 4444
Asia Pacific
Australia 1800 629 485
China 800 8100189
Hong Kong 800 938 693
India 180011 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 18003758100
Taiwan 0800 047 866
Other AP Countries (65) 6375 8100
Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1809 343051
[taly 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)
United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-9-7-17)

R tified

S0 lanagement System

www.keysight.com/go/quality
Keysight Technologies, Inc.
DEKRA Certified 1ISO 9001:2015
Quality Management System
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