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Analog and Digital Grounds

e digital noise; fast, lots of current

@ analog noise; slow, low current
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Connection resistance

Consider a trace on a circuit board.
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Connection resistance

Consider a trace on a circuit board.

length
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Connection resistance

o Copper resistivity p ~ 1.56 x 1078Q — m

@ Trace dimensions &~ mm x mm/100 x length(cm)
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@ Trace dimensions &~ mm x mm/100 x length(cm)
o Resistance R ~ 10~ 8/ength/(1073 x x107°) — 1Q/m

Terry Sturtevant Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Connection resistance

o Copper resistivity p ~ 1.56 x 1078Q — m

@ Trace dimensions &~ mm x mm/100 x length(cm)

o Resistance R ~ 10~ 8/ength/(1073 x x107°) — 1Q/m
e Voltage fluctuation on lines AV = (Al) R;

Terry Sturtevant Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Connection resistance

o Copper resistivity p ~ 1.56 x 1078Q — m

@ Trace dimensions &~ mm x mm/100 x length(cm)

o Resistance R ~ 10~ 8/ength/(1073 x x107°) — 1Q/m
e Voltage fluctuation on lines AV = (Al) R;

Thus mA fluctuation—mV/m fluctuation.
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Connection resistance

o Copper resistivity p ~ 1.56 x 1078Q — m

@ Trace dimensions &~ mm x mm/100 x length(cm)

o Resistance R ~ 10~ 8/ength/(1073 x x107°) — 1Q/m
e Voltage fluctuation on lines AV = (Al) R;

Thus mA fluctuation—mV/m fluctuation. This includes
fluctuations on power and ground lines.
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Connection resistance

o Copper resistivity p ~ 1.56 x 1078Q — m

@ Trace dimensions &~ mm x mm/100 x length(cm)

o Resistance R ~ 10~ 8/ength/(1073 x x107°) — 1Q/m

e Voltage fluctuation on lines AV = (Al) R;
Thus mA fluctuation—mV/m fluctuation. This includes
fluctuations on power and ground lines. The farther you get from

power and ground connections, the more noise you get on power
and ground lines.
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Analog

Terry Sturtevant Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Effect of noise on power and ground lines

Analog
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Effect of noise on power and ground lines

Analog
Consider an op amp with a gain of 1000

(inverting amp),
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Effect of noise on power and ground lines

Analog
Consider an op amp with a gain of 1000
(inverting amp),

assumes “ground” is zero;
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Effect of noise on power and ground lines

Analog
Consider an op amp with a gain of 1000
(inverting amp),
assumes “ground” is zero;

if off by few mv with an input signal of mv, effect could be
very large.
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Effect of noise on power and ground lines

Analog
Consider an op amp with a gain of 1000
(inverting amp),
assumes “ground” is zero;

if off by few mv with an input signal of mv, effect could be
very large.

Digital
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Effect of noise on power and ground lines

Analog
Consider an op amp with a gain of 1000
(inverting amp),
assumes “ground” is zero;

if off by few mv with an input signal of mv, effect could be
very large.

Digital
May produce glitches.
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Solution to noise problems - analog

Digital and analog grounds should be separated to minimize
problems with analog signals due to digital noise on power and
ground lines.
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Solution to noise problems - analog

Digital and analog grounds should be separated to minimize
problems with analog signals due to digital noise on power and
ground lines.

Keep separate power and grounds (so digital noise absent);
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Solution to noise problems - analog

Digital and analog grounds should be separated to minimize
problems with analog signals due to digital noise on power and

ground lines.
Keep separate power and grounds (so digital noise absent); only

join once near supply.
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Separate grounds; MCP3008 (Microchip)

~ 160 Vpp
150 Vrer
14[1 AGND
130 CLK
120 Doyt
11 DIN

10[J CS/SHDN
91 DGND

CHO O
CH1 O
CH2 O
CH3 O
CH4
CH5
CH6
CHY7

800EdOIN

0o ~No ok ON -
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Separate grounds; MCP3008 (Microchip)

cHo1 ™~ 160 Vpp
CH1 O2 150 VRreF
CH2 3 = 14[I(AGND)
cH3Cs Q 13pciK
CH4 05 & 120 Doyr
CH5O6 § 11 Diy
CHe 0O7 100 CS/SHDN
CH7 8 9
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Separate grounds; MCP3008 (Microchip)

cHo1 ™~ 160 Vpp
CH1 O2 150 VRreF
CH2 3 = 14[I(AGND)
cH3Cs Q 13pciK
CH4 05 & 120 Doyr
CH5O6 § 11 Diy
CHe 0O7 100 CS/SHDN
CH7 8 9

“If no ground plane is utilized, both grounds must be connected to
Vss on the board.”
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From MCP3008 datasheet (Microchip)

Voo
Fm———— o
/ MCP3004/08 |
/I Digital Side Analog Side !
-SPI Interface -Sample Cap !
{ | -Shift Register ~Capacitor Array| |
\ -Control Logic -Comparator |
\ Substrate ]
\ 5-100 |
e | —_————— - —|
DGND AGND|
0.1 uF—
I
Analog Ground Plane
FIGURE 6-5: Separation of Analog and

Digital Ground Pins.
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From MCP3008 datasheet (Microchip)

Voo
L T
/ MCP3004/08 | |
/I Digital Side Analog Side !
-SPI Interface -Sample Cap !
{ | -Shift Register ~Capacitor Array| |
\ -Control Logic -Comparator |
\ Substrate ]
\ 5-100 1
e | —_————— - —|
DGND AGND|
0.1 uF—
I
Analog Ground Plane
FIGURE 6-5: Separation of Analog and

Digital Ground Pins.

“If a ground plane is available, both digital and analog ground pins
should be connected to the analog ground plane.”
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Separate grounds; ADC0804 (National Semiconductor)

_ \/
s 20 f=Vc (OR Vger)
RD—2 19—CLKR
WR—{3 18 |—DBO (LSB)
CLKIN—{4 17 |—DB1
INTR—{5 16—DB2
Vin(+)—6 15—DB3
Vin(=)—7 14 |—DB4
AGND—8 13}—DB5
Veer/2—{9 12|—DB6
DGND={10 11}=DB7 (MSB)
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Separate grounds; ADC0804 (National Semiconductor)

/

o

20— Ve (OR Ver)
19}~ CLKR

18 |~DBO (LSB)
17—DB1
16[—DB2
15—DB3
14[—DB4
13|—DB5
12—DB6

11}~DB7 (MSB)

Terry Sturtevant

Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Separate grounds; ADC0804 (National Semiconductor)

/

o

20— Ve (OR Ver)
19}~ CLKR

18 |~DBO (LSB)
17—DB1
16[—DB2
15—DB3
14[—DB4
13|—DB5
12—DB6

11}~DB7 (MSB)

“Note: The separate A Gnd point should always be wired to the D
Gnd.”
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From ADC0804 datasheet (National Semiconductor)

5V
M
Wea 20
> ver
¥ o
S— 4 0K TRANSOUCER
' Sl mrw CLEIN 150 pF,
‘ B6IT RESOLUTION
M s bl e | ovER ANY DESIRED
E 12 »< | ANALOG INPUT
oies s D Vinet £ h VOLTAGE "“';SE
1 Y d
¢PROCESSOR 5+ ‘: 085 ) OIEE TS SEE SECTION
DBa Viyl-1
¢ = om nauo |
1 os2 e seanan _L
LLE P VREF ——OSEESECTION = =
8 0 A.
L LT
W
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From ADC0804 datasheet (National Semiconductor)

5V
M
Wea 20
> ver
¥ o
S— 4 0K TRANSOUCER
' Sl mrw CLEIN 150 pF,
‘ B6IT RESOLUTION
M s bl e | ovER ANY DESIRED
E 12 »< | ANALOG INPUT
oies s D Vinet £ h VOLTAGE "“';SE
1 Y d
¢PROCESSOR 5+ ‘: 085 ) OIEE TS SEE SECTION
DBa Viyl-1
¢ = om nauo |
1 os2 e seanan _L
LLE P VREF ——OSEESECTION = =
8 0 A.
L LT
W

Can you identify which symbol is for each type of ground?
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Solution to noise problems - digital
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Solution to noise problems - digital

Use filter capacitors from V. to ground near IC to smooth the
fluctuations as close to the device as possible;

Terry Sturtevant Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Solution to noise problems - digital

Use filter capacitors from V. to ground near IC to smooth the
fluctuations as close to the device as possible; The value is
typically 0.01 — 0.1uF
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Filter capacitors

Terry Sturtevant Electronics Analog and Digital Grounds



Connection resistance
Analog and Digital Grounds Effect of noise on power and ground lines
Solution to noise problems

Filter capacitors

Here's an ordinary circuit board.
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Filter capacitors

ULVUD
ZHANZEYS* T
S0 WLSAYD
03137131
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Notice the filter capacitors.
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Filter capacitors

,.’,‘sm?:ugo

‘o
K2yg«ewe

Here are more.
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Find some more.
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