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1321TH

13 GHz Bandwidth 2 GS/s THA

Datasheet

Applications

e Test instrumentation equipment, ATE

e RF demodulation systems
e Radar
e Software radio

Features

e Digital receiver systems

e High-speed DAC deglitching
e THA for differential ADCs

e Digital sampling oscilloscopes

e Supports 2 GS/s sampling rate

e 13 GHz input bandwidth (small-signal)
e 10 GHz input bandwidth (0.5 Vpp)

e 8 GHz input bandwidth (1 Vpp)

e THD <-60dB (1 GHz 1 Vpp input)

e THD <-35dB (10 GHz 0.5 Vpp input)
e  Ultralow aperture jitter: < 50 fs

e 0dB Gain with up to 1 Vpp out

Description

Differential master-slave architecture
Multiple clock modes

Fast rise time: < 25 ps (10 — 90%)
Adjustable input termination voltage
Single -5.2 V power supply

Low power consumption: 1400 mW
Available in 4 mm square QFN package
Evaluation kit available

The 1321TH track-and-hold amplifier is designed
for high-precision sampling of wideband signals
with multi-GHz frequency content. The master-
slave architecture integrates two track-and-hold
(T/H) citcuits, clock mode selection logic, and a
50-ohm, differential, output buffer.

Sample rates up to 2 GS/s are supported. Clock
modes include out-of-phase master-slave (M/S)
clocking based on a single clock signal and
independent M/S clocking based on two clock
signals. The output is settled for neatly a complete
clock cycle of the slave T/H.

Analog inputs are dc-coupled and terminated on
chip with 50 ohms to a user-adjustable voltage.
The 1321TH can be driven single-ended or
differentially and provides differential outputs.

2009-12-16 1321TH_DS_Verl.1

An output buffer provides 0 dB overall THA
gain and up to 1 Vpp differential output swing
into a 50 ohm load. The differential clock
inputs are dc-coupled and terminated through

50 ohms to ground.

Because of its low power dissipation and low
thermal resistance, the 1321TH does not
normally require a heatsink when operated at a
case temperature up to the maximum case
temperature of 85 °C.

The 1321TH operates from a single -5.2 V power
supply. It is available in a2 4 mm square QFN
package. It is also available on an evaluation board
with SMA connectors.
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Absolute Maximum Ratings
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Power Supply Voltage VEE -6 0.5 Vv
. Terminated to Vr on- .
RF Input Signals! Chip max(-2, -2.5+Vr) | min(1, 2.5+Vy) 4
RF Output Signals -2 1 v
o : max(-4 =2V, | min(2 —2Vinax,
Input Termination Voltage Vr 5 2V i) 5 +2Viam) A\
Clock Mode Select Voltage Vewms Ve —0.3 0.3 4
Junction Temperature - Die T -5 +175 °C
Case Temperature — Package paddle Tc -15 +125 °C
Shipping/ Storage Temperature TSTORE -40 +125 °C
Humidity Ru 0 100 %
All, Except Analog 500 . v
ESD Protection (HBM) ESD |Inputs
Analog Inputs 100 --- \Y

Notes:

! RF input signals, INp and INn, are terminated on-chip with 50 Q to V. The stated min and max values ensure INp and INn between -2 and +1 V,

and limit their pin currents to 50 mA.

? The Vr min and max values depend on the RF input signal levels, which should be driven from a 50 Q source. Vinamx (Vinnax) is the minimum
(maximum) expected INp or INn voltage, assuming 50 £ to GND termination. The stated Vr voltage min and max values ensure INp and INn

between -2 and +1 V and limit their pin currents to 50 mA.

Test Levels

1 100% .Productif)g tested at Vgg = -5.2 'V, Tc = 25 °C. Characterization sample tested over Vi, Tc
operating conditions

2 Characterization sample tested over Vg, Tc¢ operating conditions

3 Guaranteed by design and/or chatacterization testing

4 Typical value only, based on simulations.

Operating Conditions

Power Supply Voltage Vee | % 5% Tolerance | --- -5.45 -5.2 -4.95 A\
Supply Current Ikr 1 --- 275 --- mA
On-Chip Power Dissipation Pp 1 - 1.4 — W
Operating Temperature (Junction) - Die T --- 15 - +125 °C
Operating Temperature (Case) - Package Tc package paddle | --- -5 - +85 °C
Thermal Resistance Rjc 010) . - 20 o °C/W
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Electrical Specifications: RF 1/0

WARNING - To prevent damage to the part:
A . DC power must be turned off prior to connecting or disconnecting any cables.

Electrical specifications guaranteed when the part is operated within the specified operating conditions

Single-Ended 4 -—- 500 --- mVpp
Full Scale Range FSR

Differential 4 -—- 1000 - mVpp
Input High Level! Viu 2 0.5 — — \Y%
Input Low Level! Vi 2 - --- -0.5 \Y
Input Return Loss RLiy  |Up to 8 GHz 2 10 - - dB

Single-Ended 2 300 - 600 mVpp
Clock Amplitude

Differential 2 300 — 1200 | mVpp
Clock Input High Level Veu 2 0.5 — — Y
Clock Input Low Level Ver 2 --- --- -1 \Y%
Clock Input Return Loss RLcix |Up to 5 GHz 2 15 - - dB
Output Termination Voltage | Vourr 2 0 0 1 \Y
Output Common Mode
Voltage? Vourem [Into 50 Q to Vourr 3 - -0.55 + 0.58 Vourr - \Y
Output Return Loss RLour |Upto5 GHz 2 15 - - dB
Gain Ay 50-2 I/O Environment 1 0.95 1 1.05

[e]

Gain Drift OAy/OT 2 240 Pprél/
Offset Vo  |Differential, Input Referred | 2 -— - +10 mV
Offset Drift OVo/0T |Differental, Input Referred | 2 - 10 - uV/°C
Notes:

! For inputs that are not centered (common mode level) close to GND, set V so that the input voltages are within the Vi, Vi range. The Vy input
must be connected to GND or a DC supply that is well bypassed to GND. For GND-centered inputs, connect V to GND.

2 Qutputs are resistively terminated to GND on chip. Vourr is the voltage used to terminate the outputs at the far end of the transmission line. The
Vourr range allows adjustment of Vouyr,cm (output common mode level) from -550 mV to about +30 mV.
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Electrical Specifications: DC 1/0

WARNING — To prevent damage to the part:
A . DC power must be turned off prior to connecting or disconnecting any cables.

Electrical specifications guaranteed when the part is operated within the specified operating conditions

Full Track Mode: TH1 and
TH2 in Track Mode; CLK1 3 -0.5 — 0 \
and CLK2 Ignored
CLK1 Mode: CLKI1 clocks
Clock Mode Select Voltage! Vems  |THI and TH2, out-of-phase; | 3 Vig + 2 — -2 \%
CLK2 Ignored
CLK1&2 Mode: CLK1
clocks TH1, CLK2 clocks 3 Ve - Vee + 0.5 \%
TH2
Clock Select Termination Vesr 3 . 0.5Ver . v
Voltage?
Clock Select Input Resistance Rews ;)F(; XZCMS’T' Vee-0.5 < Vews < 3 --- 3 --- kQ
Notes:

' Vews selects one of three clock modes. Full track mode is useful for test purposes. CLK1 mode is the easiest to use since only one clock signal is
required. CLK1&2 mode allows sub-sampling by N of the TH1 output by choosing fcix> = fcixi / N. A high CLK1 frequency may be optimal for
lowest clock jitter while a low CLK2 frequency may allow reduced speed requirements on subsequent circuitry, such as an ADC.

2 Internally generated voltage. For Vg = -5.2V, Veyst = -2.6V. If the CMS pin is open, Vcus defaults to Veusr. This results in the CLK1 mode
being selected.
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Electrical Specifications: Dynamic

WARNING — To prevent damage to the part:
A . DC power must be turned off prior to connecting or disconnecting any cables.

Electrical specifications guaranteed when the part is operated within the specified operating conditions

Bandwidth, Small-Signal bw -3dB Gain, 0.1 Vpp Input 2 - 13 - GHz
Bandwidth, Half-Scale Signal -3dB Gain 0.5 Vpp Input 2 - 10 - GHz
Bandwidth, Large-Signal BW -3dB Gain 1 Vpp Input 2 - 8 - GHz
Gain Flatness Deviation Up to 10 GHz 2 - - +0.5 dB
Master T/H Hold Feedthrough! | Atiinorp |1 GHz 1 Vpp Input 2 - -65 - dB
1 GHz 1 Vpp Input 1 - -60 - dB
2 GHz 1 Vpp Input 2 - -55 - dB
3 GHz 1 Vpp Input 2 - -50 --- dB
5 GHz 1 Vpp Input 2 - -40 - dB
10 GHz 1 Vpp Input 2 - -25 - dB
1 GHz 0.5 Vpp Input 2 - -70 - dB
Total Harmonic Distortion? tHp o> Vpp Ioput ! i b
3 GHz 0.5 Vpp Input 2 - -55 - dB
5 GHz 0.5 Vpp Input 2 - -45 - dB
10 GHz 0.5 Vpp Input 2 - -35 - dB
5 GHz 0.25 Vpp Input 2 - -50 - dB
10 GHz 0.25 Vpp Input 1 - -45 - dB
5 GHz 0.1 Vpp Input 2 - -55 - dB
10 GHz 0.1 Vpp Input 1 - -50 - dB
Notes:

' In dB: Amminop = -(TH1 isolation). Since the THI1 track mode gain is close to unity, Aty noLp can be measured and is the ratio of the TH gain
with TH1 in hold mode to the TH gain with TH1 in track mode (TH2 is in track mode).

2 This is the THD for a single-ended output with a differential input. Both outputs are terminated with 50 [] to Vourr. The THD for a differential
output is lower than the THD for a single-ended output.
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Electrical Specifications: TH1 Switching
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DC power must be turned off prior to connecting or disconnecting any cables.

i WARNING — To prevent damage to the part:
[ ]

Electrical specifications guaranteed when the part is operated within the specified operating conditions

Aperture Delay! tA Aft(.er‘ Verkip—Verkin goes 4 -— 55 — ps
positive

Aperture Delay Drift Ota/0T 4 - +25 - fs/°C

. Jitter Free 2 GHz 0.5 Vpp - -

Aperture Jitter At CLK1 Signal 3 50 fs
After Verxip— Verkin goes

Settling Time!? i |positivetol mVat Hold P - 50 ps
Capac1t0rs, TTRACK1,MIN,
Observed

Differential Pedestal/ Vin 4 —- +0.25 — %

Differential Droop Rate/ Vin? Hold Mode 4 -—- -0.2 - %/ ns

Differential Drift Rate? Hold Mode 4 - +0.5 — mV/ns

Maximum Hold Time*> tHOLD1,MAX 3 25 — — ns

Minimum CLK1 Frequency* ferkimax  |50% Duty Cycle Clock 2 --- --- 20 MHz

Maximum CLK1 Frequency* ferkipax  |50% Duty Cycle Clock 2 2000 - — MHz
After Verkir— Verkin goes

Acquisition Time! tacq negative to 1 mV at Hold 4 - 100 --- ps
Capacitors, FSR Input Step

Maximum Acquisition Slew At Hold Capacitors, FSR

Rate (OV/0tax Input Step 4 - 25 o V/ns

_ 0

Rise Time® « 10 — 90%, 0 to FSR/2 Input 3 . 15 25 ps
Step

Minimum Track Time ETRACKT,MIN 4 -—- 200 — ps

Notes:
' The Verkip— Verkin positive (rising) edge is the TH1 hold command. It causes the TH1 circuit to transition from the track mode to the hold mode.
The Verkir — Verkin negative (falling) edge is the TH1 track command. It causes the THI circuit to transition from the hold mode to the track
mode.
For a 0.5Vpp input step with a 25ps (10-90%) rise time. Measured from the time at which the mid-level slope line of the hold capacitor voltage
signal crosses the final value to the time at which the hold capacitor voltage signal is within 1mV of its final value. Observed in the time-
reconstructed output signal of a sampled, repetitive step signal.
The time variation of the differential output voltage, Vour, with THI1 in hold mode and TH2 in track mode, is:

dVour/dt = THI Drift Rate + Vour x TH1 Droop Rate.
The slew rate of the track-to-hold clock transition should be 1 V/ns or higher for best performance.
The hold time is limited by differential droop, which causes an exponential decay of the differential signal. No recovery time is required after any
hold duration. The maximum hold time is defined here as the time at which the differential signal loss is 5% of its initial held value.
Measured as \/(t,ise,capz-tnse,mpmz), where trie,input 1S the 10-90% rise time of the input signal and tie cap is the 10-90% rise time of the hold capacitor
signal. The rise time tge cap i €qual to that of the time-reconstructed output signal of a sampled repetitive step signal with rise time tyise input-

[PRNFS
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Electrical Specifications: TH2 Switching

WARNING — To prevent damage to the part:
A . DC power must be turned off prior to connecting or disconnecting any cables.

Electrical specifications guaranteed when the part is operated within the specified operating conditions

After Verkop — Verken goes
Aperture Delay ta2 X};T;?:S{g&lélcij i]vlg(z)iz 4 - 45 - ps
negative in CLK1 Mode
Aperture Delay Drift Otaz/0T 4 --- +25 --- fs/°C
After Verker — Verkan goes
positive in CLK1&2 Mode.
Settling Time! ts2 f{f;iixcciléig?ﬁgdgse;o 4 --- 60 - ps
1 mV at Hold Capacitors,
trrackzmiN, Obsetved
Differential Pedestal / Vin 4 - +0.25 - %
Differential Droop Rate / Vin? 4 - -0.1 -— %,/ns
Differential Drift Rate? Hold Mode 4 - +0.5 -—- mV/ns
Maximum Hold Time3 tHOLD2MAX 3 50 — — ns
Minimum CLK2 Frequency feremax | 50% Duty Cycle Clock 2 --- --- 10 MHz
Maximum CLK2 Frequency ferkepax | 50% Duty Cycle Clock 2 2000 — — MHz
Minimum Track Time trrackemiN | After TH1 in Hold Mode 4 --- 200 --- ps
Notes:

' For a 0.5 Vpp step between subsequent THI output levels. Measured from the time at which the mid-level slope line of the hold capacitor voltage
signal crosses its final value to the time at which the hold capacitor voltage signal is within 1 mV of its final value.

2 The time variation of the differential output voltage, Vour, with THI1 in any mode and TH2 in hold mode, is:
dVour/dt = TH2 Drift Rate + Vour x TH2 Droop Rate.

3 The hold time is limited by differential droop, which causes an exponential decay of the differential signal. No recovery time is required after any hold
duration. The maximum hold time is defined here as the time at which the differential signal loss is 5% relative to its initial held value.
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Typical DC Operating Characteristics

Supply Current vs. Supply Voltage with Power Dissipation vs. Supply Voltage with
320 - Temperature as a Parameter 1800 Temperature as a Parameter
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Figure 1. Measured power supply current vs. Figure 2. Measured power dissipation vs. power
power supply voltage for 23 devices. supply voltage for 23 devices.

V1 Pin Description

The voltage Vr sets the analog input termination voltage. This increases the range of signals that can be accurately
sampled by adjusting their common-mode level at the THA inputs. Consider a differential input signal that has a
50 Q source impedance and a non-zero common-mode level (Vcon) when terminated into 50 Q to ground. By
setting Vr to -2 X Vcowm, the common-mode level at the THA input pins is made zero. This feature can be used to
adjust the input signal range to be within the specified input signal range for the THA. This can also be used for
single-ended input signals, as illustrated by the following examples.

Consider first a differential signal with negative, CML signal levels of -400 mV and 0 V on each side when
terminated into 0 V (Vr=GND). The Vcow level of this differential signal is -200 mV. Adjusting Vr from 0 V to
+400 mV results in a 0 V Vcow level at the THA, analog input pins. Although the -200 mV original Vcowm level
would be acceptable for the THA, this example shows the principle that can be applied to signals with larger
positive or negative, Vcoum levels.

Consider a single-ended, negative CML signal connected to INp with a Vcowm level of -200 mV when terminated to
GND. For optimal differential operation, the INn input should also be forced to -200 mV DC. If we set Vr to
+400 mV, the INp Vcowm level becomes 0 V. In this case, since INn is terminated to Vr through 50 €, the INn
Vecoum level will be at +400 mV (V) if left disconnected. INn should be forced to 0 V either by connecting it
through 50 Q to -400 mV or by shorting it to GND.

The Vris well by-passed to GND on the die and in the package. Therefore, the analog inputs are AC terminated

to GND. For proper DC termination Vr must be connected to either a DC supply or to GND. In general, Vr
may be forced to any value between 0 and +1 V. Please see Maximum Ratings section.
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Vcems Pin Description

Vs is the clock mode select voltage. Vews digitally selects one of three clock modes for the two internal track-
and-holds, TH1 and TH2. If left open, Vcwms by default assumes a level Veusy and CLK1 clocks both TH1 and
TH2, out-of-phase. If forced low (Veg), CLK1 clocks TH1 and CLK2 clocks TH2. If forced high (GND), both
TH1 and TH2 are put into track mode and both CLK1 and CLK2 are ignored. For the voltage level ranges
cotresponding to the three states, see the I/O Electrical Specifications.

V+1emp and Grgpp PINS Description

The Vrempe and Grryvp pins can be used to measure the chip temperature. The Gremp pin connects to GND on the
chip and may serve as an extra GND connection when not used for temperature measurement. The Vrewmp pin
connects to Grryp through a parallel combination of two circuits. Circuit 1 is a series combination of two diodes,
connected in the forward direction. Circuit 2 is a series combination of two similar diodes, connected in the
reverse direction. Vremp does not connect to the rest of the IC in any other way. Although the GTEMP pin
connects to GND on the chip, the connecting metal from Gremp to the diode combinations is routed so that it
conducts only the diode currents and no current for the rest of the IC. Therefore, the Gremp voltage accurately
reflects the voltage at the diode terminals that connect to Gremp. Since Vremp only connects to the diode circuits,
it is routed such that the voltage drop along the Vrrmp, on-chip, routing is very small. These techniques are similar
to the ones used in Kelvin probing.

When forcing a positive current of 0.5 mA, from GTEMP to VIEMP, the voltage difference VIEMP — GTEMP
will be about 1.2 V at room temperature and will depend on the temperature of the two forward series diodes that
conduct the current. The reverse biased series diodes conduct negligible current. Both sets of diodes are located
near the output buffer’s active circuitry. The reverse diodes allow the same type of temperature measurement to
be performed. For a current of -0.5 mA, from GTEMP to VIEMP, the voltage difference VIEMP — GTEMP
will be -1.2 V. The user thus has the option of measuring a positive or a negative voltage relative to GND.

A calibration voltage vs. temperature curve for a fixed current may be obtained by measuring the voltage while
changing the IC temperature in a controlled manner with the IC powered off.
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1/0 Equivalent Circuits
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Figure 3. Simplified analog input structure. Figure 4. Simplified Clockl and Clock2
input structure.
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Figure 5. Simplified analog output structure.
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4 mm QFN Pinout Information

24 19 19 24
- TOOO00
1 18 18 ] ] 1
] []
] []
] ]
] [
6 13 13 L] 6
HANNERNEEEE
7 12 12 7
Top View Bottom View

INp, INn 3,5 Analog Inputs Input
OUTp, OUTn 10, 14 Analog Outputs Output
CLK1p, CLK1n 8,9 Clock 1 Inputs Input
CLK2p, CLK2n 11,12 Clock 2 Inputs Input
Vr 24 Termination Voltage for Analog Inputs Input
Veus 23 Clocking Mode Select Digital Input
Verempe 19 Temperature Diode Voltage Input
Grenp 18 Ground Sense Voltage for Temperature Diode Output
VEee 20, 22 Power Supply: Connect to —5.2 V Supply
GND 125’41’76,’ 271”1)0; > | Ground Supply
NC 1 No Internal Connection NC
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4 mm QFN Package Outline Drawing
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NOTES
1. Reference JEDEC Standard Document: MO—220, Variation VGGD—6
2. Dimension Unit: mm

Figure 6. 4x4 mm QFN package.
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Order Information

1321TH-S01QFN 2 GS/s Track and Hold Amplifier in a 24 pin QFN package

2 GS/s Track and Hold Amplifier in a 24 pin QFN package on an
Evaluation Board with SMA Connectors

1321TH -S0O1QFNEVB

Contact Information

Inphi Corporation e Phone:  (805) 446-5100
2393 Townsgate Road, Suite 101 e Fax: (805) 446-5190
Westlake Village, CA 91361 e E-mail:  products@jinphi.com

YB+Visit us on the Internet at: http://www.inphi.com

For each customer application, customer’s technical experts must validate all parameters. Inphi Corporation reserves the right to change
product specifications contained herein without prior notice. No liability is assumed as a result of the use or application of this product.
No circuit patent licenses are implied. Contact Inphi Corporation’s marketing department for the latest information regarding this product.

Qualification Notification

The 1321TH is fully qualified. Please contact Inphi for the qualification report.

Inphi Corporation will honor the full warranty as outlined in Section 5 of Inphi’s Standard Customer
Purchase Order Terms and Conditions.
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Version Updates

Version 1.0 (dated 4/20/06)

Initial Release

From Version 1.0 to 1.1 (dated 2009-12-16)

1.

2.
3.
4

Removed “Preliminary” watermark throughout document.
Added 1321TH product photo (page 1).
Deleted the Temperature Diode Voltage parameter in the Absolute Maximum Ratings section (page 3).
Changes to Operating Conditions table (page 3):
a. 1EE typical spec from 250 mA to 275 mA.
b. Power Dissipation typical spec from 1.3 to 1.4 W.
c. Changed the Thermal Resistance (0jc) typical spec from “TBD” to 20 °C/W.
Removed the Input and Clock Resistance specs from Electrical Specifications: RF 1/O table (page 4).
Deleted the Noise Figure and Noise Power Floor specs from the Electrical Specifications: Dynamic
table (page 0).
Changes to Electrical Specifications: TH1 Switching table (page 7):
a. Changed Test Level from 2 to 4 on the following specs:
- Aperture Delay Drift
- Differential Droop Rate
- Differential Drift Rate
b. Deleted the Hold Noise Spec.
Changes to Electrical Specifications: TH2 Switching table (page 8):
a. Changed Test Level from 2 to 4 on the following specs:
- Differential Droop Rate
- Differential Drift Rate
b. Deleted the Hold Noise Spec.
Replaced the 4mm QFN Package Outline Drawing with the current version (no dimensions changed).
Updated Qualification Notification section to indicate that the 1321TH is fully qualified and added
warranty information (page 14).
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