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Circuit Design, Noise, Grounding

* Workflow * Simulation
e Analyze -> Block Diagram, Specs
* Schematic -> Circuit topology, Constraints
 Layout -> GERBER, BOM, Assembly-files
 Manufacturing (fabrication, population, assembly)
* Debug, Characterization -> Reports

 (Revision)
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Circuit Design, Noise, Grounding

e Workflow

e Analyze -> Block Diagram, Specs
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D t CLK Power
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Debug
Recalculated Power Consumption at 3.8.9.2:
Layer Power Supply Net Name | Valtags (V) Consumer Current Input [ma)
ADP23B4 1 VDD3vE 38 DAC + CLKE
Total
MAX15301 1 VDD3V3 3. LVDS + USB 155
VDD3V3 33 FPGA Fabric TED [Max725)
VDD3Vv2 3. DAC + CLKE 57
VDD3Vv2 3. ADC
Total
MAX15301 1 vDD1vE i8 DAC + CLKE
vDD1vE pR:) 2 ADCs
vDD1vE pR:) FPGA MGT
vDD1vE i8 FPGA Fabric
Total
MAX15301 1 WCCINT 0.95 FPGA Fabric
Total
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Circuit Design, Noise, Grounding
* Workflow

. Schematlc -> Circuit topology, Constralnts
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Circuit Design, Noise, Grounding
* Workflow
e Layout -> GERBER, BOM, Assembly-files
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Source: https://www.wellpcb.com/
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* Workflow

* Manufacturing (fabrication, population, assembly)

Solder Mask
Core (etched)

Pre-Preg i -
Core (etched) ’i '

Solder Mask

AT
I




G UNIVERSITY OF
Oxford Department of Physics E2G A2

Circuit Design, Noise, Grounding

* Noise

* Thermal ~ quasi-white, Gaussian, 4kTR; Conductor

* Shot ~ white, Gaussian, 2e|I|; Semiconductor

+ 1/f, flicker ~ f-depend; Anything WWWWWWW

* Burst ~ 2-value, f-depend; Semiconductor
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Circuit Design, Noise, Grounding
* Interference/Crosstalk
 Data/Clock dependent ~ non-stationary, f-depend
* Systematic
* Harmonics, Spurs ~ f-depend; Amp-linearity, ADC, DAC
* Quantization Noise ~ quasi-white, uniform; ADC
* Aliasing/Mirror Noise™ Signal x Sinc, uniform; ADC, DAC

* Clock Phase Noise ~ 1/f%; resonant, quartz, PLL
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Harmonics

»

Spurs/Crosstalk
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* Noise

e Units PSD vs PSD

1 (T2 x2(p)
P = lim —j
Tl ) r/, R

B
p= jo S (N)df

XRMS — \/ﬁ

dt

x is the random variable of noise, with the unit of voltage
Resistivity R is sometimes ignored to 1, P is average power

B is the bandwidth, S, is the power spectrum density,
with the unit of Power per Bandwidth, i.e. dBm/Hz

XrMs IS the root-mean-square of the noise, with the unit
of voltage

2 Thisis only in white noise, v,,(f) is the voltage

S X
vn(f) = \ Sx(fIR = /ﬁ spectrum density, with the unit of V/+/Hz
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* Noise
* Conversion
e OdBm = 0632VPP =0.233 VRIVIS

* Quantify and Comparison

— ./ D NOISE PERFGRMANCE
xRM S P R Input Violtage Moise

Ower-The-Top

— o
le (f) — Sx (f)R — E e
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VOLTAGE NOISE (100nV/DIV)

1 10

Figure 42. Unity-Gain Output Noise Density vs. Frequency
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Figure 43. 0.1 Hz to 10 Hz Noise

* v, as a number gives floor
* Xxgpums at low frequency tells flicker
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* Noise

* Paths

* Signal Input

* Resistive Components
* Semiconductor Devices
* Non-Linear (not LTI)

* Power Supplies

* Indirect Coupling
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Circuit Design, Noise, Grounding

* Noise Z,
By % - %ZL

—o— o

* Paths

* Signal Input
* Antenna, transducer -> matching network

* Previous Stage of Amps -> termination

BPF_1 BPF_2 BPF_3

REAL MIXER IFAMP

Source: Texas Instruments F,—1 F;-—-1
Fn = F1 + 2 + 3 + ...
G, G,G,
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* Noise

° PathS 1_53: @) e
* Signal Input "~ p— et
* ADC | .
* Quantization ENOB WA
_f | --\'I i : -
* Aliasing ——

x[n] = z j s(t)6(t — nTg)dt
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Tr e
* Noise N ——— 2]
S nfn
; . IMAGES X —
o PathS /\. H"H,IM,&GE..S I ' D IMKAEES
. | [ 4 ‘ | ] N | S
° Slgnal InpUt 0.5f, f, 1.5, 21, 251, 3,

* DAC
* Quantization ENOB

* Mirror/Image

s(t) = z x[n] * rect (TLS)

n

Typical DAC sampled signal i—
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* Noise

* Paths

* Resistive Components

e Semiconductor Devices
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* Noise

* Paths

Waveform FFT

* Non-Linear (not LTI)

B) 1kHz sine wave, 0.5 db clipping
Pout (dBm) ™ S
P2 Second-order
intercept ——y
# TR £ : . . -
v e e
) - =
P3 Third-order //’f . l l |

intercept —a 7/
e
1 i

Spurs on RF Carrier 1dB

g
RF Carrier 1 dB compression ! L - ave, 3 dB clipping

DC Power Ripple = T BPldBpomt ’T K /7-7 e S -
[l T [\ ﬂ (slope =1) “u ) ‘ ‘ R mEmnn

|at=g Second-

order IMD
0C Power 1/f Noise Phase Noise on RF Carrier (slope = 2)

v
V, = Power Supply Noise (lﬁ) [:>
Noise Sidebands

D) 1 kHz “No-Alias” square wave
-arder IMD 7 7

ope = 3)
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* Noise

* Paths %)

* Power Supplies _

* Indirect Coupling % o

* Power integrity o

ANV

I
’ 1 AAAA
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Z(Q)

1000 Top side

° 1 4

Noise w0 ] s
" TS /
1

* Paths ol s s

| 1
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= =7
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a :‘o’:;rz(s) plane(s) E l i | 7;‘1
[ J P S I i Bl I
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Parts if needed z
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* Indirect Coupling e ' g

VRM Bulk cap Plane capacitance On-package cap
" Ceramic decoupling caps Package balls On-die capacitance
J-V-Y-\._'_' —4— —4- | 1YY \T

]

DC- kHz 10-50 MHz >100 MHz
Hz-10 MHz 10-100 MHz GHz

SMPS
Die
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* Grounding

R2
100k
AAA

LT1037

\vv

— \our

weida.zhang@physics.ox.ac.uk
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* Transmission Line Theory
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* Signal Integrity

* Designing and Maintaining Trace Structure

e Termination

3inch lang PCE Trace

Figure 1. A signal as It emerges from the driver chip (lefi) |s distorted by multiple reflections from

Impedance discontinuities at both ends (right).

Source: Keysight

\
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* Scattering Parameter (S-Parameter)

i1 '52

511 is the input port voltage reflection coefficient
by S S ] 812 is the reverse voltage gain
by ) \Say  Soo o S5 is the forward voltage gain

Saq is the output port voltage reflection coefficient.

ZD
VSSE;L@ E:} 7
AV L
_'_4|-°_|
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* Scattering Parameter (S-Parameter)

CMA-81+
SMT Gain Block, DC - 6000 MHz, 500
~ & B HMC1049LP5E
BB vewosa Bhdciiicd i L ——

« Ceramic, hermetically
nitrogen filled

* Low profile case, 0.045f

* High IP3, +38 dBm

8 NO PORT EXTEN .
ROHS €Zsampl IPIN OUT: PORT 1 - PIN 2, PORT 2 - PIN 7, GROUN 4,5 ! addle
5 S: Temp= +85 ( ) - ) T Limit=250(

DATE CODE
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* Matching Network

SZ 2 l Two Element Matching Network Architectures }

Source

I
LT et e
Source / Generator RT3

Matching Network

Load

|
1

iXp

|

|

L Network Type 2

Figure 4.1. Two El t Imped. Matching Nety

Matching Network

rk Architecture at Source and Load

Source: SiLabs

511

Z =R+jX =50+ 500
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Circuit Design, Amplifier,

 Simulation of Amplifier Design

%X UNIVERSITY OF

OXFORD
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* Clock Jitter/Phase noise in Digital System/Comms

clk
load_in —/—\
load_in_reg /—\
load_begin /—\
load_end /—\
command_len_cnt X command_lenx2
command_idx[8:1] X command_len-1=3 X 2 X 1 X
addr_len_cnt X addr_lenx2
addr_idx[81] X addr_len-1-4 3 e iam |
data_len_cnt X data_lenx2
DouT I command]3] Y cmd[2] ) cmd[1] ) cmd[0] ) addr4] ) =ddi3] ) add2] \_adafi] ) a
] \

SCLK A W VO O VO W W A W W
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* Clock Jitter/Phase noise in DAQ

RMS Clock Jitter Requirement

130

1

120 —— SNRJ-,-,=2010g{ ]—

Jitter
& 10
-]
< 100
% —12.5fs
o =9 | | —25fs
—
e 80 e 50f
% ——100fs
= 0 ——200fs
e
'_=° 60 -400fs
& 800fs

50

40

30

10 100 1,000 10,000
Analog Input Frequency (MHz)
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* Clock Jitter/Phase noise

A 4 Agilent ES052A Signal Source Analyzer 0

PPhase Noise 10,0048/ Ref -20.00dBc/Hz

.20.00 } Canier 50.000216 MHz _ 14.0488 dBm

1:
2:
3
4: 10 kHz
S:
>61

10 Hz -590.7432 dBc/Hz
100 Hz =~ -123.8484 dBc/Hz
1 kHz -148.4017 dBc/Hz
-161.1795 dBc/Hz
100 kHz —-165.7196 dBc/Hz
1 MHz -166.2685 dBc/Hz

Log(a,(7))

Ideally for
white phase

(Mod ADEV)

White Random walk

frequency frequency ¢
Flicker frequency b
> 00 &5 s = - P “« 0w
Log( 1) [1F Gain 2008 Freq Band [39M-1010He]| omit L0 Opt [<150KH:] 775t

Source: NIST
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* Phase Locked Loop

r : =)
FHEFO_-' Phase Low-Pass PLL phase noise
L s = VCO = N = FHL-l- 0 T T T T T T
w| Detector Filter K TR N S O o —es
N R : : : : 15" pret
AN : : : 2
201 N H45'Swri\ H
AN — s
N S F Lo 55 "weo
—A0F LYo R L L.
N M \\.. . P
+ B N
Counter - EENS
= IS
- N
4 8O SN ,
8 <
o
a P G S G I S PR G S SR
2
T 100k
—tz0f
140
_180 I H 1 1 L
10' 10° 10° 10 10° 10°

Frequency [Hz]
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20
| HMC1049LPSE | =
18 4
ABSOLUTE MAXIMUM RATINGS 10 ]
Table 2. ‘Table 3. Typical Supply Current vs. Voo
Parameter Rating Voo (V) Ioo' (mA) -~ B
Drain Bias Voltage (Voo Tov B 70 L]
. Drain Bias Voltage (RF Out/Vic) v 6 70 = 0
RF Input Power 18.dBm 7 70 ]
Gate Bias Voltage, “2Via 402V ‘AdjustVaato achieve ko = 70 mA g -5
Channel Temperature 175°C
= Continuous Poss (T=85°C) 334w ESD CAUTION 3 -0 T, ray
H M [: I []49 I_P 5E (Derate 37.1 mW/"C Above 85°C) ESD (electrostatic discharge) sensitive device. - I~ \
Thermal Resistance (Channel to Ground EFCW Charged devices and circuit boards can discharge 18 A ‘
Paddle) without detection. Although this product features
atented or proprietary protection circuitry, damage
FEATURES FUNCTIONAL BLOCK DIAGRAM Temperature Lo | o S Gl £ \ I WA \f
s figure: 1.8d 5 Storage Temperature ~65°C 10 +150°C Therefore, proper ESD precautions should be taken to =20 =y v
I.o\:nulsr igure: 1.8 dB: . selgegue Operating Temperature —40°C 10 485°C avoid performance degradation of loss of functionalny,
P148 outpat powar: 14.5dBm HrREEERR ESD Sensitivity (HBM) Class 1A 25
P output power: 17.5 dBm - 0 2 4 & B 10 12 14 16 18 20 2 4
High gain: 15 dB verl  HMC1049LPSE  |aewc Susesses at or above those lsed under Absolte Masinum FREQUENCY (GHz) g
Output IP3:29 dBm Pug! e Ratings may cause permanent damage to the product. This is a
Supply voltage:Voo =7V at 70mA w3 22 ano stress rating only; functional operation of the product at these Figure 10. Broadband Gain and Return Loss
5002 matched Input/output (0] cND 4 21 RFOUTNGy or any other conditions above those indicated in the operational A
matchedinputioutpu RAN e section of this specification s not implied. Operation beyond T, =+85C
32-lead, 5 mm x S mm LFCSP package: 25 mm? e 19 8C N A
er e the maximum operating conditions for extended periods may Ty = 428°C
APPLICATIONS o e affect product reliability. s — Ty =0
Test instrumentation s rEsEEE
High linearity microwave radios $98y 8388 i HMC1049LPSE
VSAT and SATCOM Trex £ g 4
Military and space Figure | ~
PIN CONFIGURATION AND FUNCTION DESCRIPTIONS g N
GENERAL DESCRIPTION B g 3
The HMC1049LPSE is a GaAs MMIC low noise amplifier image rejection mixers. Vop can also be applied to Pin 21, 22982288 4 -~
(LNA) that operates between 0.3 GHz and 20 GHz. This LNA although Pin 21 requires a bias tee with Voo = 4 V. The BERRARRR H T \,._____
provides 15 dB of small signal gain, 1.8 dB noise figure, and an HMCI049LP5E amplifier 1/Os are internally matehed to 50 0, ey e § 2 I~
1P3 output of 29 dBm, yet requires only 70 mA froma 7 V and the device is supplied in a compact, leadless 5 mm x 5 mm e 3 2 cno |
supply. The P1dB output power of 14.5 dBm enables the LNA to LECSP package. o §f HmC1GLPEE O\ v N
function as a local oscillator (LO) driver for balanced, 1/, or [ R 1
ne e e
HMG1049LPSE | .
6 02 04 06 08 10 12 14 16 1B 20
wores
SPECIFICATIONS 4G N0 COMNECT. THESE PS ARE HOT CONNECTED FREQUENCY [GHz)
INTERNALLY: NOWEVER ALL DATA WA MERSURED WTTH
THESE PINS CONMECTED T0 RFIOC GROUND EXTERMALLY. £ . -
Ta =25, Voo = 7V, Ioo = 70 mA o EONECTER To RFDS ROND. RO MUSTEE - E Figure 15. Noise Figure vs. Temperature, Low Frequency
Fable 1 Figure 2. Pin Configuration Disgram ) 4
Parameter Min Typ  Max Min__ Typ  Max [Min__Typ  Max [ Unit Table 4. Pin Function Descriptions
FREQUENCY RANGE 03 1 1 14 14 20 | GHz Pin No. Mnemonic
1361012141710 | NC Na Cannect. These pins are not connected internally; however, all data was measured with these pins
GAIN 135 16.5 12 15 o 13 o8 20,23t029,31,32 connected to RF/dc d lly (see the Typical [& istics section for data 18
Gain Variation Over Temperature 0006 0018 0017 dBrc plots). 5 —
NOISE FIGURE 25 35 18 25 27 40 d8 5 RFIN RF Input. This pin is dc-coupled and matched to 50 0. g - ra ;
RETURN LOSS 2 Voo Power Supply Voltage for the Amplifier. External bypass capacitors (100 pF and 0.01 uF) are required. = v ¥
Input 15 13 14 ds 30 ACG1 Low Frequency Termination. An external bypass capacitor of 100 pF is required é 12 N a
Qutput 8 15 13 d8 21 RFOUTAVGp | RF Output/Alternate Power Supply Voltage for the Amplifier. An external bias tee is required when - E— I E
SUTRUT used as altemative Voo, This pin is de-coupled and matched to 50 01 g LY Y
15,16 ACG2, Low Frequency Termination. External bypass capacitors of 100 pF are required. z 5
Output Power for 1 dB Compression (P1dB) 15 145 13 dBm Acca H 5
saturated (Psu) e 75 15 dbm, 13 Ve Gate Control for Amplifier. Adjust the voltage to achieve log = 70 mA. External bypass capacitors of & 1
‘Output Third-Order Intercept (IP3) 31 29 26 dsm 100 pF, 0.01 WF, and 4.7yF are required.
TOTAL SUPPLY CURRENT 70 70 70 mA 4an GND Ground. Connect Pin 4 and Pin 22 to RF/dc ground. — GaN
0 EP Exposed Pad. The exposed ground paddle must be connected to RF /dc ground. Paar
* Adjust Vec between -2V 150V 1o achieve ko= 70 mA typical NOISE FIGURE
# Measurement taken at Powy/tone = B dBm. See the Interface Schemaics secton for pin nterfaces ] .
50 [ &0 [ 70 g
Voo V) 5

We i d a . Z h a ng @ p hys i CS . OX. a C . u k Figure 27. Gain, Pur, and Noise Figure vs. Voo at 12 GHz
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e Schematic Level

 Layout Level

e Structural model — SPICE
* Behavioral model — IBIS

* Scattering model — S-parameter
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Simulation - LTspice

* ADS by Keysight

* Electronics Desktop by Ansys

* L Tspice by Analog Devices

e Qucs (under GPL license)
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* Transient

e AC = u — -
e Bt 10} X R -FFF'_'_'___'_,_,-:—-—"
Ve = 0TV _—
*DCS i
weep
= i
. ! o i r 6T -
* Noise ' < A Vas =06V ——
|I .______--'
VN2 R2 |
’ GAINFROM  _ 2 ';"f
{ ~ —W\ "A" TO OUTPUT .'Ir" | 5]
i ! Ve L) —
g UnAio R Iy ———> ~JaTR2 NOISE GA";g = 0 f—— I |
Q =)W o NG= 1+ 0 01 0.2 0.3 0.4 0.5 0.6 0.7
\4kTR VN CLOSED ™
LooPBW > Vs Vs |1
A R3 [ =6L,_~
q o N+ | " GANFROM _ _R2
T\~ "B" TO OUTPUT Ri
\ 4kTR3
\ ; 2 R2
. || W+ aTR3 + 4kTR1‘ i
B RTI NOISE = |/pw o || _ 5 °
l} \[ 2pa2 > [R1:R2
|l +12R3% + 12 [RiLR2| + 4KTR2|Ri,R2
\ L

BE RTO NOISE = NG * RTI NOISE B BW=157fg
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Simulation - LTspice

* Layout Level - Slwave
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Simulation - LTspice

* Transient

L3
v+ R2
100k
v+ 1
_,J&\,E
™ -
® R3 LT1037 Vour
1k
+
L1 -

* Noise '
Schemmoldic
i_? | -
—l— \ _
yavy, ‘E\f\i__{ T 350 "
e ‘
2= EM
‘ Doy I /

Thanks to Daniel Weatherill



