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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
DVDDOP9, VDDTOP9 -0.3 1.2 \Y
VDD1P2RX, VDD1P2TXCLK, VDD1P2TXENC, VDD1P2PLL,
VDD1P2PLLCLKREF, VDD1P2FB, VDD1P2FBCML, -0.3 1.4 \Y
Supply Voltage |\/n 1 porx oML
Range
VDD1P8RX, VDD1P8RXCLK, VDD1P8TX, VDD1P8TXDAC,
VDD1P8TXENC, VDD1P8PLL, VDD1P8PLLVCO, VDD1P8FB, -0.5 2.1 \Y
VDD1P8FBCLK, VDD1P8GPIO, VDDA1P8
{1/2/3/4YTXOUT+/- -0.5 VDDTX1P8+0.3 Y
REFCLK+/-, SYSREF+/- -0.3 1.4 Y
{1:8)SRX+/- -0.3 1.4 \Y
Pin Volatge GPIO{B/C/D/E}x, SPICLK, SPISDIO, SPISDO, SPISEN, RESETZ, _o.5 YDD1P8GPIO + v
Range BISTBO, BISTB1 : 0.3
IFORCE, VSENSE 0.3 VDDC"MPg; Vv
SRDAMUX1, SRDAMUX2 -0.3 VDDA1P8+0.3 \Y
Peak Input .
Current any input 20 mA
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

o JEDEC JS-001, all pins(" 1000
V(Esp) Electrostatic discharge : v
Charged device model (CDM), per ANSI/ESDA/ 150

JEDEC JS-002, all pins

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

DVDDOP9, VDDTOP9 Supply voltage 0.9V 0.9 0.925 0.95 Vv
VDD TP2RXTXCUKTXENGISIPLL | iy votage 1.2V s 12 125 v
VDD1P8{RX/RXCLK/TX/TXDAC/
TXENC/PLL/PLLVCO/FB/FBCLK/ Supply voltage 1.8V 1.75 1.8 1.85 \
GPIO}, VDDA1P8
Ta Ambient temperature -40 85 °C
1, Operating Junction Temperature 110M|  °C

Maximum Operating Junction Temperature 125 °C

(1) Prolonged use at or above this junction temperature can increase the device failure-in-time (FIT) rate. Refer to SBAA403 application
note for additional details

6.4 Thermal Information AFE79xx

17mmx17mm FC-BGA
THERMAL METRIC(") UNIT
400 PINS
Rgya Junction-to-ambient thermal resistance 16.2 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 0.42 °C/W
Rgus Junction-to-board thermal resistance 4.85 °C/W
Wr Junction-to-top characterization parameter 0.12 °C/W
Y Junction-to-board characterization parameter 4.6 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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6.5 Transmitter Electrical Characteristics

Typical values at Tp = +25°C, full temperature range is Ta min = -40°C to T max = +110°C; TX Input Rate = 491.562MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2™ Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
DACRes DAC resolution 14 bits
foac = 12 GSPS, 18t Nyquist 600 6000
foac = 12 GSPS, 2" Nyquist 6000 12000
foac = 9 GSPS, 15t Nyquist 600 4500
fRFout RF output frequency range - MHz
foac = 9 GSPS, 2" Nyquist 4500 9000
foac = 6 GSPS, 15t Nyquist 600 3000
foac =6 GSPS, 2" Nyquist 3000 6000
fout = 850 MHz, fpac = 5898.24 MSPS,
-0.5dBFS 4.2 dBm
fout = 1800 MHz, fpac = 5898.24
MSPS, -0.5dBFS 4.6 dBm
fout = 2600 MHz, fpac = 8847.36
MSPS, -0.5dBFS 4.0 dBm
fout = 3500 MHz, -0.5dBFS 3.9 dBm
fout = 4900 MHz, -0.5dBFS 3.1 dBm
Max Full Scale Output Power, max fout = 3500 MHz, foac = 5898.24
Pmax_Fs gain 1 tone, at device pins MSPS, -0.5dBFS, straight mode 10 dBm
fout = 4900 MHz, fpac = 5898.24 01 dBm
MSPS, -0.5dBFS, straight mode '
fout = 4900 MHz, fpac = 8847.36 )
MSPS, -0.5dBFS, straight mode 0.7 dBm
fout = 8100 MHz, -0.1dBFS, mixed 28 dBm
mode
fout = 9600 MHz, -0.1dBFS, mixed 43 dBm
mode
Rterm Output termination resistor Default setting 50 Q
ATTrange DSA Attenuation range 40 dB
DSA Analog Attenuation step 1.0 dB
AT Tstep DSA Attenuation step accuracy (DNL) |0 < Atten < 40dB, before calibration +0.2 dB
DSA Attenuation step accuracy (DNL) |0 < Atten < 40dB, after calibration +0.1 dB
fout = 850MHz(2) +1 deg
fout = 1800MHz(2) +1 deg
fout =2600MHZz(?) +1 g
DSA Gain Steps Phase accuracy, an €g
ATTphase-err 8B range P Y. any ¢ = 3500MHz®@ +1
fout = 4900MHz @) +1 deg
fout = 8100MHz @) 2 deg
fout = 9600MHz(2) 2 deg
any 20MHz 0.1
Gfiat Gain flatness dB
600MHz BW, Fo < 4.9G 1.2
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fout = 860MHz, -7dBFS each tone -66 dBc
fout = 1800MHz, -7dBFS each tone -63 dBc
fout = 2600MHz, -7dBFS each tone -62 dBc
fout = 3500MHz, -7dBFS each tone -61 dBc
fout = 4900MHz, -7dBFS each tone -57 dBc
fout= 8100MHz, -7dBFS each tone -55 dBc

IMD3 3rd Order Intermodulation distortion, 2 |fout= 9600MHz, -7dBFS each tone -52 dBc
tones at fir£10 MHz fout= 850MHz, -13dBFS each tone 74.4 dBe
fout = 1800MHz, -13dBFS each tone -71.1 dBc
fout = 2600MHz, -13dBFS each tone -73 dBc
fout = 3500MHz, -13dBFS each tone -72 dBc
fout = 4900MHz, -13dBFS each tone -67.8 dBc
fout = 8100MHz, -13dBFS each tone -64 dBc
fout = 9600MHz, -13dBFS each tone -68 dBc
fout = 850 MHz 50.8 dBc
fout = 1800 MHz 51.9 dBc
SFDR ﬁ?:ﬂ:)sltjszgr:i()e Dynamic Range (within .. = 2600 MHz 2 e
fout = 3500 MHz 44 dBc
fout= 4900 MHz 46.1 dBc
fpac = 5898.24MSPS, interleave mode -51.9 dBc
2 - four Interleaving Image frﬁg(é: 8847.36 MSPS, interleave 46.0 dBc
foac = 11796.48MSPS, interleave 41 dBe
mode
fout = 850 MHz 49 dBc
fout = 1800 MHz 53 dBc
fout = 2600 MHz 50 dBc
fout = 3500 MHz 48 dBc
fout= 4900 MHz 47 dBc
fout= 8100 MHz 50 dBc
HD2 2nd Harmonic Distortion (within fout= 9600 MHz -53 dBc
Nyquist zone) fout = 850 MHz, Aqur=-12dBFS 60 o
fout = 1800 MHz, Agyt=-12dBFS 64 dBc
fout = 2600 MHz, Agy1=-12dBFS 45 dBc
fout = 3500 MHz, Agyt=-12dBFS 57 dBc
fout= 4900 MHz, Apyr=-12dBFS -58 dBc
fout= 8100 MHz, Agyr=-12dBFS -60 dBc
fout= 9600 MHz, Agyr=-12dBFS -62 dBc
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS TYP MAX| UNIT
fout = 850 MHz 62 dBc
fout = 1800 MHz 55 dBc
fout = 2600 MHz -57 dBc
fout = 3500 MHz -60 dBc
fou= 4900 MHz -54 dBc
fou= 8100 MHz -54 dBc

HD3 3rd Harmonic Distortion (within fou= 9600 MHz -56 dBc
Nyquist zone) fout = 850 MHz, Aqyr=-12dBFS -80 dBc

fout = 1800 MHz, AguT=-12dBFS -79 dBc

fout = 2600 MHz, Agyr=-12dBFS 77 dBc

fout = 3500 MHz, Agyt=-12dBFS 77 dBc

fout= 4900 MHz, Agyr=-12dBFS -78 dBc

fou= 8100 MHz, Agyt=-12dBFS -82 dBc

fou= 9600 MHz, Agyt=-12dBFS -80 dBc

fout = 850 MHz -81 dBc

fout = 1800 MHz -88 dBc

fout = 2600 MHz -86 dBc

fout = 3500 MHz -79 dBc

fout= 4900 MHz -86 dBc

fou= 8100 MHz -87 dBc

HDn. n >= 4 Harmonic Distortion n >= 4 (within fou= 9600 MHz -85 dBc
' Nyquist zone) fout = 850 MHz, Agut=-12dBFS -93 dBc

fout = 1800 MHz, AguT=-12dBFS -98 dBc

fout = 2600 MHz, Agyr=-12dBFS -84 dBc

fout = 3500 MHz, AguT=-12dBFS -87 dBc

fou= 4900 MHz, Agut=-12dBFS -87 dBc

fout= 8100 MHz, Agyt=-12dBFS -87 dBc

fou= 9600 MHz, Agyt=-12dBFS -87 dBc

fout = 850 MHz 68.5 dBc

fout = 1800 MHz 79.4 dBc

' . | fou = 2600 MHz 77 dBc

I\S/III:-lDzR +/- 250 fﬁl;’g%u:/lirzee Dynamic Range within fout = 3500 MHz 75 dBc
fou= 4900 MHz 76 dBc

fou= 8100 MHz 61 dBc

fout= 9600 MHz 64 dBc

foac = 5898.24MSPS -64 dBFS

fo/4 Fixed Spur foac = 8847.36MSPS 75 dBFS
foac = 11796.48MSPS -67 dBFS

foac = 5898.24MSPS -49 dBFS

fs/2 Fixed Spur foac = 8847.36MSPS -48 dBFS
foac = 11796.48 MSPS -48 dBFS
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

2nd Nyquist, fpac = 5898.24MSPS -76 dBFS

3*5/4 Fixed Spur 2nd Nyquist, foac = 8847.36MSPS -89 dBFS
2nd Nyquist, fpac = 11796.48MSPS -63 dBFS

Atten=0dB, Pout=-13dBFs -68.5 dBc

ACPR1 o ACER - 1 carrier, LTE 20MHz E-TM1.1 | Atten=20dB,Pout=-13dBFs -67.2 dBc
carrier fou; = 0.85 GHz Atten=28dB,Pout=-13dBFs -64.5 dBc

Atten=39dB, Pout=-13dBFs -53.9 dBc

Atten=0dB,Pout=-13dBFs -70.7 dBc

ACPR yenr ACP.R -1 c_arrier, LTE 20MHz E-TM1.1 | Atten=20dB, Pout=-13dBFs -68.3 dBc
carrier fout = 1.8425 GHz Atten=28dB, Pout=-13dBFs -62.9 dBc

Atten=39dB, Pout=-13dBFs -52.0 dBc

Atten=0dB, Pout=-13dBFs -71 dBc

ACPR1 o ACER -1 c_arrier, LTE 20MHz E-TM1.1 | Atten=20dB, Pout=-13dBFs -68 dBc
carrier fou; = 2.6 GHz Atten=28dB, Pout=-13dBFs -62 dBc

Atten=39dB, Pout=-13dBFs -51.3 dBc

Atten=0dB, Pout=-13dBFs -70 dBc

ACPRycor ACPR - 1 carrier, LTE 20MHz E-TM1.1 Atten=20dB, Pout=-13dBFs -67 dBc
carrier fout = 3.5 GHz Atten=28dB, Pout=-13dBFs -60 dBc

Atten=39dB, Pout=-13dBFs -49.8 dBc

Atten=0dB, Pout=-13dBFs -68.8 dBc

ACPR1 o ACER - 1 carrier, LTE 20MHz E-TM1.1 | Atten=20dB, Pout=-13dBFs -65.9 dBc
carrier fou; = 4.9 GHz Atten=28dB, Pout=-13dBFs -60.6 dBc

Atten=39dB, Pout=-13dBFs -49.5 dBc

Atten=0dB, Pout=-13dBFs -65 dBc

ACPR yenr ACPR - 1 garrier, NR 100MHz E- Atten=20dB, Pout=-13dBFs -62 dBc
TM1.1 carrier fout = 2.6 GHz Atten=20dB, Pout=-13dBFs -55 dBc
Atten=39dB,Pout=-13dBFs -44.3 dBc

Atten=0dB, Pout=-13dBFs -64 dBc

ACPR1 o ACPR - 1 c_arrier, NR 100MHz E- Atten=20dB, Pout=-13dBFs -59 dBc
TM1.1 carrier fo ;= 3.5 GHz Atten=28dB, Pout=-13dBFs -52 dBc

Atten=39dB, Pout=-13dBFs -41.1 dBc

Atten=0dB, Pout=-13dBFs -64.1 dBc

ACPR yenr ACPR - 1 garrier, NR 100MHz E- Atten=20dB, Pout=-13dBFs -60.4 dBc
TM1.1 carrier fot = 4.9 GHz Atten=28dB, Pout=-13dBFs -53.5 dBc

Atten=39dB, Pout=-13dBFs -42.5 dBc

Atten=0dB, Pout=-13dBFs -58 dBc

ACPR 1 car ACPR - 1 c_arrier, NR 100MHz E- Atten=20dB, Pout=-13dBFs -63 dBc
TM1.1 carrier fo ¢ = 8.1 GHz Atten=28dB, Pout=-13dBFs -46 dBc

Atten=39dB, Pout=-13dBFs -36 dBc
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Atten=0dB, Pout=-13dBFs -57 dBc
ACPR ACPR - 1 carrier, NR 100MHz E- Atten=20dB, Pout=-13dBFs -50 dBc
freart TM1.1 carrier fo,; = 9.6 GHz Atten=28dB, Pout=-13dBFs 42 dBc
Atten=39dB, Pout=-13dBFs -31 dBc
Fout =0.85 GHz, Pout=-13dBFs 0.2 %
Fout =1.8425 GHz, Poyr=-13dBFs 0.3 %
Error Vector Magnitude, 1x 20MHz E- _ _ o
EVM TM3.1/3.1a, no ref. clock noise Fout =2.6 GHz, Pour=-13dBFs 0.28 %
Fout =3.5 GHz, Poyr=-13dBFs 0.38 %
Fout =4.9 GHz, Pour=-13dBFs 0.4 %
Atten=0dB, fpac = 5898.24MSPS, A57.6 dBFS/
Pout=-13dBFs ' Hz
Atten=20dB, foac = 5898.24MSPS, 1533 dBFS/
NSD Noise Spectral Density 20MHz offset | Pout=-13dBFs ' Hz
dBFS four = 0.85 GHz Atten=28dB, foac = 5898.24MSPS, 1479 dBFS/
Pout=-13dBFs ' Hz
Atten=39dB, fpac = 5898.24MSPS, 136.9 dBFS/
Pout=-13dBFs ' Hz
Atten=0dB, fpac = 5898.24MSPS, 158.4 dBFS/
Pout=-13dBFs ' Hz
Atten=20dB, fpac = 5898.24MSPS, 1522 dBFS/
NSD Noise Spectral Density 20MHz offset | Pout=-13dBFs ' Hz
dBFS four = 1.8 GHz Atten=28dB, foac = 5898.24MSPS, 1456 dBFS/
Pout=-13dBFs ’ Hz
Atten=39dB, foac = 5898.24MSPS, 1346 dBFS/
Pout=-13dBFs ’ Hz
Atten=0dB, fpac = 8847.36MSPS, 457 dBFS/
Pout=-13dBFs Hz
Atten=20dB, foac = 8847.36MSPS, 151 dBFS/
NSD Noise Spectral Density 20MHz offset | Pout=-13dBFs Hz
dBFS four = 2.6 GHz Atten=28dB, foac = 8847.36MSPS, 144 dBFS/
Pout=-13dBFs Hz
Atten=39dB, fpac = 8847.36MSPS, 133.0 dBFS/
Pout=-13dBFs ' Hz
Atten=0dB, Pout=-13dBFs -158 d?_IFZS/
Atten=20dB, Pout=-13dBFs -150 dBFS/
NSD Noise Spectral Density 20MHz offset Hz
dBFS Fout =3.5 GHz dBFS/
Atten=28dB, Pout=-13dBFs -143 Hy
Atten=39dB, Pout=-13dBFs -131.8 dl?_lFZS/
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Atten=0dB, Pout=-13dBFs -155.5 d?_lFZS/
_ , Atten=20dB, Pout=-13dBFs 147.8 9BFS/
NSD Noise Spectral Density 20MHz offset Z
dBFS Fout =4.9 GHz dBFS/
Atten=28dB, Pout=-13dBFs -140.8 Hz
Atten=39dB, Pout=-13dBFs -129.6 d?_::ZS/
Atten=0dB, Pout=-13dBFs -153 dE;FZS/
Atten=20dB, Pout=-13dBFs -147 dBFS/
NSD Noise Spectral Density 50MHz offset Hz
dBFS Fout =8.1 GHz dBFS/
Atten=28dB, Pout=-13dBFs -140 Hz
Atten=39dB, Pout=-13dBFs -129 d?_lFZS/
Atten=0dB, Pout=-13dBFs -152 dl?_lFZS/
_ , Atten=20dB, Pout=-13dBFs 147 9BFS/
NSD Noise Spectral Density 50MHz offset Z
dBFS Fout =9.6 GHz dBFS/
Atten=28dB, Pout=-13dBFs -140 Hz
Atten=39dB, Pout=-13dBFs -129 d?_::ZS/
?Sjofut Return Loss, <6GHz, +/-fc with matching 47 dB
S22 "

?(;J[,t/fut Return Loss, >8GHz, +/- fc with matching 10 dB
fout = 900 MHz, fpac = 8847.36MSPS, 49 dB
straight mode
fout =1850 MHZ, fDAC = -59 dB
8847.36MSPS, straight mode
fout = 2600 MHZ, fDAC = 65 dB
8847.36MSPS, straight mode
fout = 3500 MHZ, fDAC = 66 dB
8847.36MSPS, straight mode
fout= 4900 MHz, fDAC = N

Near Channel: 8847.36MSPS, straight mode 60 dB

Isolation 1TXOUT to 2TXOUT or 3TXOUT to

4TXOUT™M fout = 900 MHz, fpac = 8847.36MSPS, .90 dB
straight mode
fout =1850 MHz, fDAC = 91 dB
8847.36MSPS, straight mode
fout = 2600 MHz, fpac = 93 dB
8847.36MSPS, straight mode
fout = 3500 MHz, fpac = 94 dB
8847.36MSPS, straight mode
fout= 4900 MHZ, fDAC = 83 dB
8847.36MSPS, straight mode
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6.5 Transmitter Electrical Characteristics (continued)

Typical values at Ty = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS
below 6GHz and 1474.56MSPS above 6GHz, fpac = 11796.48MSPS; PLL clock mode below 6GHz output frequency and
External clock mode above 6GHz output frequency; interleave mode for 15t Nyquist, non-interleave mix mode for 2"d Nyquist,
nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate = 16.22Gbps, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fout = 9.6GHz, forrser = 100Hz -88 dBc/Hz
fout = 9.6GHz, forrser = 1kHz -102 dBc/Hz
fout = 9.6GHz, forpseT = 10kHz -110 dBc/Hz

PN7xabD mﬂzg Phase Noise External Clock fout = 9.6GHZ, forrser = 100kHz 123 T
fout = 9.6GHz, foprser = TMHz -136 dBc/Hz
fout = 9.6GHz, forrset = 10MHz -143 dBc/Hz
fout = 9.6GHz, forrseT = 100MHz -146 dBc/Hz

(1)  Measured with differential 50 ohm across TxP/M. The DC bias to 1.8V to each TxP/M at each pin remains and is not removed. Other

external components on the TX paths are disconnected.

(2) After DSA calibration procedure

(3) Single side band, input clock phase noise subtracted.
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6.6 PLL/VCO/Clock Electrical Characteristics

Typical values at TA = +25°C, full temperature range is Ta min = -40°C to T max = +110°C; Reference clock input frequency

491.52MHz (unless otherwise noted), fpac = fuco, fouT = foac/4, normalized to fyco.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VCO1 min frequency 7.2 GHz
fucon
VCO1 max frequency 7.68 GHz
VCO2 min frequency 8.8 GHz
fucoz
VCO2 max frequency 9.1 GHz
VCO3 min frequency 9.7 GHz
fucos
VCO3 max frequency 10.24 GHz
VCO4 min frequency 11.6 GHz
fvcoa
VCO4 max frequency 12.08 GHz
DIVpac |DAC sample rate divider 1,20r3
DIVggap |ADC sample rate divider from DAC 1,2, 3,4,
c sample rate 6 or8
DIVRxap | Apc sample rate divider 12,34,
c 6 or8
600kHz -113 dBc/Hz
800kHz -116 dBc/Hz
Closed Loop Phase Noise Fp | = 1MHz -119 dBc/Hz
11.79848 GHz Frgr=491.52MHz 1.8MHz -125 dBc/Hz
5MHz -133 dBc/Hz
50MHz -141 dBc/Hz
600kHz -114 dBc/Hz
800kHz -118 dBc/Hz
Closed Loop Phase Noise Fp  =8.84736 | 1MHz =120 dBc/Hz
GHz Frer=491.52MHz 1.8MHz 127 dBc/Hz
5MHz -135 dBc/Hz
50MHz -142 dBc/Hz
PNvco
600kHz -113 dBc/Hz
800kHz -116 dBc/Hz
Closed Loop Phase Noise Fp = 9.8403 | 1MHz -119 dBc/Hz
GHz Frer=491.52MHz 1.8MHz -125 dBc/Hz
5MHz -134 dBc/Hz
50MHz -140 dBc/Hz
600kHz -116 dBc/Hz
800kHz -119 dBc/Hz
Closed Loop Phase Noise Fp = 1MHz —122 dBc/Hz
7.86432GHz Frer=491.52MHz 1.8MHz ~127 dBc/Hz
5MHz -136 dBc/Hz
50MHz -143 dBc/Hz
fpLL=11.79848 GHz, [1KHz, 100MHz] 434 dBc/Hz
Frms Clock PLL integrated phase error(") fpL=8.8536 GHz, [1KHz, 100MHz] -47.6 dBc/Hz
fpL.=9.8304 GHz, [1KHz, 100MHz] -46.2 dBc/Hz
ferD PFD frequency 100 500 MHz
PNy fiat |Normalized PLL flat Noise fvco = 11796.48MHz -226.5 dBc/Hz
Frer Input Clock frequency 0.1 12 GHz
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6.6 PLL/VCOI/Clock Electrical Characteristics (continued)

Typical values at TA = +25°C, full temperature range is Ta miy = -40°C to T max = +110°C; Reference clock input frequency

491.52MHz (unless otherwise noted), fpac = fvco, fout = fpac/4, normalized to fyco.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vss Input Clock level 0.6 1.8 Vppdiff

AC
Coupling Coupling
Only

. ) Parallel resistance 100 Q

REFCLK input impedance(? -
Parallel capacitance 0.5 pF

(1)  Single Sideband, not including the reference clock contribution
(2) Refer to S11 data available from TI for impedance vs frequency
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6.7 Digital Electrical Characteristics

Typical values at TA = +25°C, full temperature range is Ta min = -40°C to T max = +110°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
CML SerDes Inputs [8:1]SRX+/-
VsRDIFF SerDes Receiver Input Amplitude differential 100 1200 mVpp
Vsrcom SerDes Input Common Mode 0.4 0.5 0.6 \%
Zerait ?:rrlraiisa tIir(1)tr¢]a(r1r;al Differential 100 0
Full rate mode 19 29.5 Gbps
Fserdes SerDes Bit Rate Half rate mode 9.5 16.25 Gbps
Quarter rate mode 4.75 8.125 Gbps
Insertion Loss Tolerance(? Serdes supply = 1.8V 25 dB
TJ Total Jitter Tolerance 0.42 ul
CMOS 1/0: GPIO{B/C/D/E}x, SPICLK, SPISDIO, SPISDO, SPISEN, RESETZ, BISTBO, BISTB1
Vi High-Level Input Voltage O v
Vi Low-Level Input Voltage oé;\é%?g \%
IiH High-Level Input Current -250 250 pA
I Low-Level Input Current —-250 250 A
CL CMOS input capacitance 2 pF
Vouy High-Level Ouput Voltage VI::DIZI)SESCZS \Y
VoL Low-Level Output Voltage 0.2 \%
Differential Inputs: SYSREF+/- Mode A
PLL
Clockmope :\Zﬂlgglé
Only
FsysrREFMAX SYSREF Input Frequency Maximum 40 MHz
VSWINGSRMAX SYSREF Input Swing Maximum 1.8 Vppdiff3)
VSWINGSRMIN SYSREF Input Swing Minimum frer < 500MHz 03 Vppdiff®
VSWINGSRMIN SYSREF Input Swing Minimum frer > 500MHz 0.6 Vppdiff(3)
V GOMSRMAX SYS_REF Input Common Mode Voltage 08 Vv
Maximum
VCOMSRMIN S\_(S_REF Input Common Mode Voltage 06 v
Minimum
Zr Input termination differential 100 (M Q
CL Input capacitance Each pin to GND 0.5 pF
LVDS Inputs: 0SYNCIN+/- and 1SYNCIN+/-
Vicom Input Common Voltage 1.2 \%
Vip Differential Input Voltage swing 450 Vppdiff®)
ZT Input termination differential 100 Q
LVDS Outputs: 0SYNCOUT+/- and 1SYNCOUT+/-
Vocom Output Common Voltage 1.2 \%
Vob Differential Output Voltage swing 500 Vppdiff3)
Zt Internal Termination 100 Q

(1) SYSREF termination is programmable between 100Q, 150Q and 300Q
(2) Loss tolerance is bump to bump from STX to SRX
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(3) Vppdiff is the difference between the maximum differential voltage (positive value) and minimum differential voltage (negative value).
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6.8 Power Supply Electrical Characteristics

Typical values at Ty = +25°C, full temperature range is Ta miny = -40°C to T yax = +110°C; TX Input Rate = 500MSPS, RX
Output Rate = 500MSPS, fpac = 9000MSPS interleave mode; fapc = 3000MSPS; nominal power supplies; 1 tone at -1 dBFS;
DSA Attenuation =0dB; SerDes rate = 20Gbps; unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Group 3A: VDD1P8FB + VDD1P8RX +
VDD1P8TX 564 mA
Group 3B: VDD1P8FBCLK +
lvopips | VDD1P8RXCLK + VDD1P8TXDAC+ 274 mA
VDD1P8GPIO + VDDA1P8 Mode 1: 4TX
Group 3C: VDD1P8PLL + TX Dual Band: 96x Int, TX Rate 125 71 A
VDD1P8PLLVCO MSPS
foac = 12 GSPS, frx=1.85+2.15 GHz
Group 2: VDD1P2FB, VDD1P2RX, JESD: 8/10 coding, 20Gbps
| VDD1P2TXCLK, VDD1P2TXENC, TX: 2-16-16-1 953 mA
VDD1P2 |\\/DD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvopops | Group 1A: DVDDOP9 + VDDTOP9 1747 mA
Piss Power Dissipation 4396 mW
Group 3A: VDD1P8FB + VDD1P8RX +
VDD1P8TX 570 mA
Group 3B: VDD1P8FBCLK +
lvopips | VDD1P8RXCLK + VDD1P8TXDAC+ 382 mA
VDD1P8GPIO + VDDA1P8 Mode 2: 4TX
Group 3C: VDD1P8PLL + TX Single Band: 24x Int, TX Rate 500 79 A
VDD1P8PLLVCO MSPS m
fDAC =12 GSPS, fTX =2.75GHz
Group 2: VDD']PZFB, VDD1P2RX, JESD: 8/10 coding, 20Gbps
| VDD1P2TXCLK, VDD1P2TXENC, TX: 4-8-4-1 967 -
VDD1P2 | \vDD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvpDoPo Group 1A: DVDDOP9 + VDDTOP9 2172 mA
Pgiss Power Dissipation 5011 mwW
Group 3A: VDD1P8FB + VDD1P8RX +
VDD1P8TX 571 mA
Group 3B: VDD1P8FBCLK +
lvopips | VDD1P8RXCLK + VDD1P8TXDAC+ 495 mA
VDD1P8GPIO + VDDA1P8
Mode 3: 4TX
Group 3C: VDD1P8PLL + TX Single Band: 12x Int, TX Rate 1 GSPS 72 mA
VDD1P8PLLVCO fDAC = 12 GSPS, fTX = 2.75 GHz
Group 2: VDD1P2FB, VDD1P2RX, JESD: 8/10 coding, 20Gbps
| VDD1P2TXCLK, VDD1P2TXENC, TX: 8-8-2-1 969 mA
VDD1P2 | \vDD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvopops | Group 1A: DVDDOP9 + VDDTOP9 2465 mA
Pgiss Power Dissipation 5490 mwW
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Typical values at Tp = +25°C, full temperature range is T min = -40°C to T max = +110°C; TX Input Rate = 500MSPS, RX
Output Rate = 500MSPS, fpac = 9000MSPS interleave mode; fapc = 3000MSPS; nominal power supplies; 1 tone at -1 dBFS;
DSA Attenuation =0dB; SerDes rate = 20Gbps; unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Group 3A: VDD1P8FB + VDD1P8RX +
VDD1P8TX 569 mA
Group 3B: VDD1P8FBCLK +
lvppips | VDD1P8RXCLK + VDD1P8TXDAC+ 521 mA
VDD1P8GPIO + VDDA1P8 Mode 4: 4TX
Group 3C: VDD1P8PLL + TX Single Band: 8x Int, TX Rate 1500 73 A
VDD1P8PLLVCO MSPS
fDAC = 12 GSPS, fTX =2.75 GHz
Group 2: VDD1P2FB, VDD1P2RX, JESD: 64/66 coding, 24.75Gbps
| VDD1P2TXCLK, VDD1P2TXENC, TX: 8-8-2-1 981 mA
VDD1P2 |\ \vDD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvppopg | Group 1A: DVDDOP9 + VDDTOP9 2719 mA
Pgiss Power Dissipation 5786 mwW
Group 3A: VDD1P8FB + VDD1P8RX +
VDD1P8TX 297 mA
Group 3B: VDD1P8FBCLK +
lvopips | VDD1P8RXCLK + VDD1P8TXDAC+ 446 mA
VDD1P8GPIO + VDDA1P8 Mode 5: 2TX
Group 3C: VDD1P8PLL + TX Single Band: 4x Int, TX Rate 3000 72 A
VDD1P8PLLVCO MSPS
fDAC = 12 GSPS, fTX =2.75 GHz
Group 2: VDD1P2FB, VDD1P2RX, JESD: 64/66 coding, 24.75Gbps
| VDD1P2TXCLK, VDD1P2TXENC, TX: 8-4-1-1 544 mA
VDD1P2  |yvDD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvpbpopg | Group 1A: DVDDOP9 + VDDTOP9 1575 mA
Piss Power Dissipation 3577 mW
| Group 3A: VDD1P8FB + VDD1P8RX + % mA
VDD1P8 |\ \vDD1P8TX
Group 3B: VDD1P8FBCLK +
lvppips | VDD1P8RXCLK + VDD1P8TXDAC+ 330 mA
VDD1P8GPIO + VDDA1P8
| Group 3C: VDD1P8PLL + ) 16 mA
VDD1P8  |\yDD1P8PLLVCO Mode 6: Same as Mode 5 in Sleep mode
with Sleep pin pulled high.
Group 2: VDD1P2FB, VDD1P2RX,
| VDD1P2TXCLK, VDD1P2TXENC, 48 mA
VDD1P2 |\\yDD1P2FBCML, VDD1P2RXCML and
VDD1P2PLLCLKREF
lvpboopg | Group 1A: DVDDOP9 + VDDTOP9 302 mA
Piss Power Dissipation 1132 mwW
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6.9 Timing Requirements

Typical values at Tp = +25°C, full temperature range is Ta min = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS,
foac = 8847.36MSPS; fapc = 2949.12MSPS; nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate
= 24.33Gbps; unless otherwise noted.

MIN NOM MAX UNIT

Timing: SYSREF+/-
tsisysrer) | Setup Time, SYSREF+/- Valid to Rising Edge of CLK+/- 50 ps
thsysrer) |Hold Time, SYSREF+/- Valid after Rising Edge of CLK+/- 50 ps
Timing: Serial ports
ts(sEnB) Setup Time, SENB to Rising Edge of SCLK 15 ns
th(sENB) Hold Time, SENB after last Rising Edge of SCLK (1) 5+ tgoik ns
ts(spio) Setup Time, SDIO valid to Rising Edge of SCLK 15 ns
th(spIo) Hold Time, SDIO valid after Rising Edge of SCLK 5 ns
tscLk) w Minimum SCLK period: registers write 25 ns
tscLk) R Minimum SCLK period: registers read 50 ns
tote ot Minimum Data Output delay after Falling Edge of SCLK 0 ns

- Maximum Data Output delay after Falling Edge of SCLK 15 ns
tRESET Minimum RESETZ Pulse Width 1 ms
(1) SDEN\ need to be held one more extra clock cycle with the last SCLK edge
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6.10 Switching Characteristics

Typical values at Tp = +25°C, full temperature range is Ta yin = -40°C to T max = +110°C; TX Input Rate = 491.52MSPS,
foac = 8847.36MSPS; fapc = 2949.12MSPS; nominal power supplies; 1 tone at -1 dBFS; DSA Attenuation =0dB; SerDes rate
= 24.33Gbps; unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TX Channel Latency
SerDes Receiver Analog Delay Full rate 2.8 ns

LMFSHd=2-8-8-1, 368.64 MSPS input
rate, 24x Interpolation, Serdes rate = 152
16.22Gbps (JESD204C)
LMFSHd=8-16-4-1, 491.52 MSPS 24x
Interpolation, Serdes rate = 16.22Gbps 176 )
(JESD204C) interface

tyesprx | JESD to TX output Latency clock
LMFSHd=4-16-8-1, 245.76 MSPS 48x cycles(
Interpolation, Serdes rate = 16.22Gbps 124
(JESD204C)
LMFSHd=2-16-16-1, 122.88 MSPS 96x
Interpolation, Serdes rate = 16.22Gbps 97
(JESD204C)

(1) Interface clock cycles is the period of the digital interface sample rate, e.g. 1GSPS = 1ns.
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7 Device and Documentation Support
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7.3 Trademarks
TI E2E™ is a trademark of Texas Instruments.

TRTOMEEIL, TNENOFTAEICRBELET,
7.4 BESMEICEAT 5 FEEIE
ZD IC 1%, ESD IZE > TR T A REMERHVE S, TF A AL AV LAY T, IC ZEFOBICILH ICHE B a2 028
‘ FHERELET, ELWEBORWBI O E FIEICEDR2 WA, T A AR T 2821 B3H0ET,

A\ ESD ICLBMHRIE, DT RMREIE T DT/ A ADTE R HE ECEIG DIV ET, K72 IC DG, /STA—FHb T
LT BT TARSNTOB NI TTHEME DB 720 | R AEL T <o TV ET,

7.5 FE
FHA R LAY LA I EE ZOREEEICIT, HECKEO—E B IOERENTREINTWET,

8 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
AFE79541ABJ Active Production FCBGA (ABJ) | 400 90 | JEDEC Yes SNAGCU | SNAGCU  Level-3-260C-168 HR -40to 85 AFE7954I
TRAY (5+1)
AFE7954IABJ.B Active Production FCBGA (ABJ) | 400 90 | JEDEC - Call Tl Call Tl -40 to 85
TRAY (5+1)
AFE79541ALK Active Production FCBGA (ALK) | 400 90 | JEDEC No Call TI Level-3-220C-168 HR -40to 85 AFE7954
TRAY (5+1) SNPB
AFE7954|ALK.B Active Production FCBGA (ALK) | 400 90 | JEDEC - Call Tl Call Tl -40 to 85
TRAY (5+1)

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1


https://www.ti.com/product/AFE7954/part-details/AFE7954IABJ
https://www.ti.com/product/AFE7954/part-details/AFE7954IALK
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 18-Jul-2025

Addendum-Page 2



ABJ0400A

PACKAGE OUTLINE

FCBGA - 2.65 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. Dimension is measured at the maximum solder ball diameter, parallel to primary datum C.
4. Primary datum C and seating plane are defined by the spherical crowns of the solder balls.
5. The lids are electrically floating (e.g. not tied to GND).
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EXAMPLE BOARD LAYOUT
ABJO400A FCBGA - 2.65 mm max height
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NOTES: (continued)

6. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SPRU811 (www.ti.com/lit/spru811).
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EXAMPLE STENCIL DESIGN

ABJ0O400A FCBGA - 2.65 mm max height
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SCALE:6X
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NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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ALKO400A

PACKAGE OUTLINE
FCBGA - 2.65 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. Dimension is measured at the maximum solder ball diameter, parallel to primary datum C.

4. Primary datum C and seating plane are defined by the spherical crowns of the sol
5. Pb-Free die bump and SnPb solder ball.
6. The lids are electrically floating (e.g. not tied to GND).

der balls.
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EXAMPLE BOARD LAYOUT
ALKO0400A FCBGA - 2.65 mm max height

BALL GRID ARRAY

—= }=—(0.8)TYP

‘l ‘23

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

g—@ OOOOOOO‘OOOOOOOOOO

CNONONONONONONONOHONONONONONONONONONGC)

(0.8) TYP cooooooooooloooooooooo

POOOO0OO0OO0O00O0000O0O00O0000O0

EOOOOOOOOOO!OOOOOOOOOO

FOOOOOOOOOOI0OO0OO0OOOOOOOO

4OOX(¢0.4)/G€OOOOOOOOOOOOOOOOOOO

HOOOOOOOOOO‘OOOOOOOOOO

\IoNONONONONONONONONOHONONONONONONONONONG®
KOOOOOOOOOO‘OOOOOOOOOO SYMM

0000000000 0000000000 ¢

MOOOOOOOOOOOOOOOOOOOO

NOOOOOOOOOO‘OOOOOOOOOO

POOOOOOOOOOOOOO0OO0O0OO0OOo

ROOOOOOOOOO‘OOOOOOOOOO

TOOOOOOOOOOIOLOOLOLOLOOOO

UOOOOOOOOOO‘OOOOOOOOOO

vOOOOOOOOO0OO0OOOOOOOO0O0OO0

WOOOOOOOOOO!OOOOOOOOOO

YOOOOOOOOOO‘OOOOOOOOOO

SYMM
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:6X
(@0.4) 0.025 MAX
METAL r 0.025 MIN ﬂr Mﬁg@ﬁe
MASK
SOLDER MASK — " EXPOSED EXF’OSED—/ \ @0.4)
OPENING METAL METAL SOLDER MASK
NON-SOLDER MASK SOLDER MASK OPENING
(PREFERRED) DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4225930/C 03/2023

NOTES: (continued)

7. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SPRU811 (www.ti.com/lit/spru811).
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EXAMPLE STENCIL DESIGN

ALKO0O400A FCBGA - 2.65 mm max height
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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