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( 0,0 11
. 127 55V
* 100ksps max (Mpp=5vV )
» B50kspsmax Vpp=27V )
. CMOS
- 500 nA typ ( 2UA)
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MCP3208-B)  +2L SB (MCP3204/MCP3208-C)
SPI
100ksps MCP3204/
MCP3208 (2.7v -5.5V)
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CH6 [1CS/SHDN
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VREF | l
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CHO
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MCP3204/3208

1.0
1.1 *
VDD ettt s 7.0V Voo +2.7V 55V
0.6V Vp, +0.6V
.65 +150 DGND
.............................. . +125 AGND
...... +300 CHO-CH7
ESD > 4kV
* CLK
Din IN
Dour ouT
CS/SHDN . /
V rer
Vpp=5V, Vss=0V, Vrer=5V, Taus = -40°C +85°C, fsamme = 100ksps
feLk = 20*fsampLe
MiN. | Tvp. | max. | |
teony 12 clock
cycles
tsampLe 1.5 clock
cycles
fsampLe 100 ksps Vo = Veer =5V
50 ksps  |Vpp=Veer=27V
DC
12 bits
INL +0.75 +1 LSB MCP60X-B
+1 +2 MCP60X-C
DNL +0.5 +1 LSB
+1.25 +3 LSB
+1.25 +5 LSB
-82 dB VIN=0.1V  4.9V@1kHz
(SINAD) 72 dB  |VINZ0.1V 4.9V@1kHz
o . . 86 dB VIN=0.1V  4.9V@1kHz
0.25 Voo v 2
100 150 pA | —
0.001 3 HA CS=Vpp =5V
Vs Vieer v
CHO-CH7
IN+ IN- V e tIN-
IN- V-100 Vt100 | mv
0.001 +1 HA
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MCP3204/3208

(CONTINUED)

Voo =5V, Ves= OV, Vper= 5V, Taus = -40°C  +85°C, fonp e = 100kSps

fok =20 sampLe

| MmN, [ TYP. | mAx. | |
( )
1K W 4-1
. 20 pF 41
High Vv, 0.7 Vyp Vv
Low A 0.3V, %
High Vou 4.1 \Y lon = -1MA, Vpp = 4.5V
Low VoL 0.4 v lo =1MA, Voo = 4.5V
I, -10 10 A |V, =Ves0rVpp
o -10 10 HA | Vour = Ves OF Vip
Civ Cour 10 PF [V =5.0V ( 1)
( ) Taus = 25°C, f = 1 MHz
feik 2.0 MHz  |Vpp=5V ( 3
1.0 MHz  [Vpp=2.7V ( 3)
High ty, 250 ns
Low to 250 ns
CLK cs tsucs 100 ns
tsy 50 ns
tio 50 ns
CLK too 200 ns 1-2
CLK ten 200 ns 1-2
Cs tois 100 ns 1-2
CS tesh 500 ns
Daur ta 100 ns 1-2( 1)
Dout te 100 ns 1-2( 1)
Voo 2.7 5.5 Y,
loo 320 400 HA | Vop=Vger=5V, Dour
225 Vobp=Vrer= 2.7V, Dour
Ioos 0.5 2 HA  |CS=Vy, =50V
VREF
10kHz
6.2
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MCP3204/3208

tCSH
Iy S
cs // —
tSUCS ’
ti; 1ti
\ /—//—\ '~
CLK \ S _/_ \_/_\_
B |9
tsu tHD
7 /
Diy MSB IN - X //LX
7/~ 7F
tho tr t tos
t . —_ | | — - —_—| | —
i u F
Dour 7F NULL BIT MSB OUT LSB
1-1: .
tr, te tho s  Ten
1.4V
VDD
tDIS 2
3K 3K Voo!2
Dour ? QO Dour O— ten
= _ 100pF it 1
C. = 100pF DIS
I L7
th tF tEN
cs \
Doyt 1 2 3 4
CLK
DOUT * Bll
tEN
tho tois
cs Vin
CLK D
- Tf 90%
too
Tois — —
DOUT
Dourt 10%
2t
* 1
High
t 2
Low
1-2:
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MCP3204/3208

Vo= Vrer =5V, Vss = OV, faamp e = 100KsPS, fo k= 20% foampre, Ta =25
1.0 20
0.8 Positive INL 151 Vip = Vg =27V
06— !
0.4 . 1.0 Positive INL
) @ o5
«n 02 n
| -
= 0.0 = 00
| -
Z 02 Z -05
-0.4 Negative INL 1.0 Negative INL
-0.6 -1.5
-0.8 20
-1.0 0 10 20 30 4 50 60 70 80
0 25 50 75 100 125 150
Sample Rate (ksps) Sample Rate (ksps)
2-1: (INL) vs. 2-4: (INL) vs.
(Voo = 2.7V)
30 2.0
25 \
1.5
20 T
15 \ 1.0 \ Positive INL
—_ 1:0 \ Positive INL a —~—
?,“) 05 @ o5 ———
= oo = 00
> 05 - z
z 0 g ) = 05
- 1.0 Negative INL .
/ P ey
15 T/ -1.0 Negative INL
20 15 /
25 - 4
3.0 -2.0
0 1 2 3 4 5 6 0.0 0.5 1.0 1.5 2.0 25 3.0
VREF (V) VREer (V)
2-2: (INL) vs. Vgee 2-5: (INL) vs. Vger (Vop = 2.7V)
1.0 1.0 T T
08 08 + VDD:VREF:2.7V
0.6 ; r 06 1 FsawpLe = 50ksps
04 } i ' | 04 i
B 02 i f 2 02 i
| J |' |
~ 0.0 1 f’l T |l1 ~ 00
- V -
Z 02 l r rl Z 021 i
0.4 0.4
06 06
-0.8 -0.8
-1.0 -1.0
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Digital Code Digital Code
2-3: (INL) vs. 2-6: (INL) vs.
( ) ( Vop = 2.7V)
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MCP3204/3208

Voo = Vrer =5V, Vgs = OV, T gamp e = 100ksps, T = 20% T ampe Ta = 25

1.0 1.0 .
Vpp = Veee= 2.7V
0.8 " 0.8 1 Voo = Vrer
06 Positive INL 061 Fopupie = 50ksps
) : Positive INL
__ 04 _. 04
% 0.2 % 0.2
= 00 = oo
Z‘ 0.2 Negative INL [ Z‘ 0.2
-0.4 -0.4
-0.6 -0.6 /—;’ Negative INL
-0.8 -0.8 i
-1.0 -1.0 T
-50 25 0 25 50 75 100 50 25 0 25 50 75 100
Temperature (°C) Temperature (°C)
2-7: (INL) vs. 2-10: (INL) vs. (Vop = 2.7V)
2.0 T T
1.0
VDD = VREF =27V
0.8 15
0.6 10
~ 0.4 Positive DNL / o Positive DNL
05
0 0.2 3,
— 00 — 00
Z .02 % 05 }
() - Negative DNL
-0.4 1 : 10
0.6 Negative DNL -
08 -15
-1.0 -2.0
0 25 50 75 100 125 150 0 10 20 30 40 50 60 70
Sample Rate (ksps) Sample Rate (ksps)
2-8: (DNL) vs. 2-11: (DNL) vs.
(Voo = 2.7V)
3.0 3.0 T
Vop = Veer 2.7V
20 2 20 \ F s ampre = D0ksps —
\ \ Positive DNL
m 10 Positive DNL m 10 N
) \-‘ 2] ——
= =
o 00 - — 00
% ” /" | Negative DNL % o P Negative DNL
20 / 20
-3.0 -3.0
0 1 2 3 4 5 0.0 05 1.0 15 2.0 25 3.0
VREF (V) VRer(V)
2-9: (DNL) vs. Ve 2-12: (DNL) vs. Virer (Vpp = 2.7V)
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MCP3204/3208

Vo= Vrer =5V, Vss = OV, faamp e = 100KsPS, fo k= 20% foampre, Ta =25

1.0 10 T I
0.8 0.8 4 Voo = Vi = 27V
0.6 061 FsavpLe = 50ksps
~ 04 ~ 04
& 0.2 % 0.2 | |
2 ' 4
o oo 2 0.0
Z . t -0.2
52 ' o Ll T
0.4 04 : { 1
-0.6 -0.6
-0.8 -0.8
-1.0 -1.0
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Digital Code Digital Code
2-13: (DNL) vs. 2-16: (DNL) vs.
( ) ( Vop = 2.7V)
10 Lo V_=v_ =27y
4 Yoo T Vrer T ©
08 08 F =50ksps
0.6 06 + s
= 04 Positive DNL o 04 Positive DNL
o e u 02
0 02 1 .
] =
: 0.0 2‘ 0.0
Z 02 a -0.2
g o
-0.4 N DL 04 Negative DNL
06 egative 06
-0.8 -0.8
-1.0 -1.0
50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
2-14: (DNL) vs. 2-17: (DNL) vs. (Mop = 2.7V)
4 | 20 ‘ | |
3 18 I I
\ v, =27V o 16 1 v, , =5V
B2 \ Fasye = S0Ksps N 141 Foaupie = 100ksps
| =
~ 1 S—— X o 12
2 5 \‘\¥ 2 10 \
] — E 8 \
.% B — :5\,/‘ o 6 \ \ Vpp = 2.7V
oD = =
& \
T —
3 2 ——
4 0
0 1 2 3 4 5
0 1 2 3 4 5
REF
VRer(V) VReF (V)
2-15: V5. Ve 2-18: VS. Vier
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MCP3204/3208

Voo = Vrer =5V, Vs =0V, faampie

= 100kSpS, fCLK = 20* fSA MPLE!TA = 25

0.2 I T 2.0 | |
0.0 VDD = VREF =27V 1.8 T T
-1 F SAMPLE = SOkSpS VDD = VREF= 24
% -0.2 s % 16 Foppe = 100ksps
9 04 ey 1.4
5 06 S 12
E 5 1.0
5 o8 w o8 V=V =27V
% o V. =V _ =5V ..g’j 0-6 Foampie = S0ksps
- - ————— DD REF “— .
o 12 F = 100ksps O
14 SavpLE 0.4
-1.6 0.2
18 0.0
-50 25 0 25 50 75 100 -50 25 0 25 50 75 100
Temperature (°C) Temperature (°C)
2-19: VS. 2-22: VS.
100 | I B 100.0 T T T T TTT
90 Vop = Vrer =5V g 90.0 # Voo = Vrer = 5V
80 ¥ Fsampie = 100ksps | 80.0 FsawpLe = 100ksps
— =
& 70 ~—— & 70.0 N i
S 60 T 60.0 T
o 50 7 2 500 Voo = Vrer= 2.7V 7
% 40 Voo = Vrer = 2.7V Z 400 FsampLe = 50ksps
30 Fsawpe = 50ksps n 30.0
20 20.0
10 10.0
0 0.0
1 10 100 1 10 100
Input Frequency (kHz) Input Frequency (kHz)
2-20: (SNR) vs. 2-23: (SINAD) vs.
0 80 T T
V_=V__ =5V,
10 o F:MPLE = to0ksps —
20 © % A
a -30 Voo = VRrer = 2.7V % 50 // _
o -40 FsampLe = 50ksps ~ /4 Voo = Vaer = 27V
=) -50 — 9( 40 /7 Feampre = 50ksps —
zZ
E -60 B 1 - H %
|t
70 I = 20
-80 Voo = VRer = 5V 1
10
-90 FsavpLe = 100ksps
100 L 0
1 10 100 40 3 30 25 20 -15 10 5 0
Input Frequency (kHz) Input Signal Level (dB)
291 (THD) vs. 2-24: (SNAD) vs.
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MCP3204/3208

Vo= Vrer =5V, Vss = OV, faamp e = 100KsPS, fo k= 20% foampre, Ta =25

12.00
11.75

. A
11.50 g

= /

11.25
11.00 / Voo = Vier = 5V —
10.75 / =2.7V

10.50 F 50ksps
10.25 SAMPLE

10.00
9.75
9.50
9.25
9.00

1
2<
q

F SAMPLE

ENOB (rms)

[

=

00 05 10 15 20 25 3.0 35 40 45 50

V/REF M

2-25: (ENOB) vs. Vieer

12.0

11.5

™,

\ Voo = Vrer = 5V

FsavpLe = 100ksps

FAN

Vob = VRer = 2.7V/ AN
FsampLe = 50ksps

10 100

Input Frequency (kHz)

100 L e e
VDD=VREF=5V

—— h/ Fsaupie = 100ksps | |

~

SFDR (dB)
888

20
10

Input Frequency (kHz)

2-28:

(ENOB) vs.

1 10 100

Power Supply Rejection (dt

10 100 1000 10000
Ripple Frequency (kHz)

2-26: . . .
(SFDR) vs.

2-29:

VS.

-10 Voo = Veege =5V |
-20 FSAMPLE = 100ksps —
Fpur =9.985kHz |

-40 4096 points

\
)

'
w
o

Amplitude (dB

-110
-120
-130

0 10000 20000 30000 40000 50000
Frequency (Hz)

Voo = Vg = 27V —

Fsawpie = 50ksps

Fopyr = 998.76Hz ]

4096 points ]

Amplitude (dB’

NG

|Ih]“|ilh|.

PRI RS kKl

e .nmuu..mmmu lh ) um]lm L ,l

5000 10000 15000 20000 25000

Frequency (Hz)

2-27: 10kHz
( )

2-30: 1kHz

Voo = 2.7V)
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MCP3204/3208

Vo= Vrer =5V, Vs = OV, foampLe = 100ksps, fo = 20* foampe, Ta =25

500 T T T 100 T T
V.=V V..V A
450 44— Vrer=Voo 1 Veer= Voo
All points at FCLK = 2MHz except %0 All points at F | = 2MHz except //
400 T—ary,_ = v =25V, F, = 1MHz 80 17 at Vi = Voo = 25V, Feyy = IMHz )
350
// =< 7 //
— < 60
< 300 3 L~
2 250 " = 5 1
8 — i T
£ 200 & 40 >
150 30
100 20
50 10
0 0
2.0 25 30 35 4.0 4.5 5.0 5.5 6.0 20 25 3.0 3.5 4.0 4.5 5.0 55 6.0
Vop (V) Voo (V)
2-31: Ipp Vs Vpp 2-34: lger VS. Vpp
400 100 M T 11
350 90 VDD: VREFZSV
80
300 /
Voo = Vier = 5V "_/ 70
~ 250 <
g EX
= 200 w 50
3 Voo = V= 27V R
150
20 Voo = Vigr = 27V
100 20
50 10
0 0
10 100 1000 10000 10 100 1000 10000
Clock Frequency (kHz) Clock Frequency (kHz)
2-32: Ipp Vs 2-35: lger VS
100 .
400 I I Voo =Vier = Y
J Voo = Veer= 5V 0 — Foy = 2MHz
350 Fec= 2MHz [y pa © e ——
300 — o
i 250 <
= — 2
o 200 T — . 0
a w
150 Voo = Ve = 2.7V £ »
Fay = 1IMHz 2 1 Vo = Vigr= 2.7V
100 Fe = IMHz
k)
50
10
° 0
50 25 0 25 50 75 100 50 25 0 > 50 75 100
Temperature (°C) Temperature (°C)
2-33: Ipp Vs 2-36: lger VS
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MCP3204/3208

Vo= Vrer =5V, Vss = OV, faamp e = 100KsPS, fo k= 20% foampre, Ta =25

80

07T

60

50

40 —

I0Ds (pA)
\

30

20

10

2.0 25 3.0 35 4.0

4.5 5.0 55 6.0

Voo (V)

2-37: lppsVs. Vpp

20

1.8 /
16 /
12 Voo = Veee =5V —
1.0 ck=
0.8
0.6
0.4
0.2
0.0

Analog Input Leakage (nA

-50 -25 0 25 50 75 100

Temperature (°C)

100.00 | ‘
Vip = Vger =CS =5V
yi
10.00 /
z /
=
@ 1.00 /
Q /
0.10 7
——_—'/
0.01
-50 -25 0 25 50 75 100
Temperature (°C)
2-38: lppsVs.

2-39: VS.
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MCP3204/3208

3.0
3.1 CHO - CH7
0 7
2 1
IN+ 1 IN-
4.1 5.0
3.2 CS/SHDN( . /
. )
CS/SHDN Low
High —
(oY)
SHDN High
3.3 CLK ( . )
SPl
6.2
3.4 DIN ( )
SPI
3.5 DouT ( )
SPI A/D
3.6 AGND
3.7 DGND
4.0
MCP3204/3208 A/D SAR
4 15
/
12
MCP3204/3208 100ksps
6.2
4 SPT

4.1
MCP3204/3208
MCP3204
2 4
MCP3208
4 8
( CHO CH1 CH2 CH3 )
IN+
IN- IN+ IN-
(Vrer +IN-) IN- Vss
+100mV IN- IN+
IN-
IN+
IN- 000h
IN+ {[VREF+(|N')] - 1LSB}
FFFh
IN- Vs 1LSB
IN+ Vss
000h
IN- Vs 1LSB
IN+ Veer
FFFh
A/D 15
12
(Csampie)
4-1
(Re)
° (Res)
CsampLe
4-2
4.2
(Vrer)
LSB
A/D
= 4096 * V|
Vrer
Vin=
Vrer =
A/D
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MCP3204/3208

Dl & i VT:O.GV ----- -R'S—S-:; lkW

1
WMN—— 'S » .vb“/‘- :
! lcpm e em e CsampLE
X ILEAkAGE = DAC
. 7
I T

pF Vr=0.6V (] )i 1 na T = 20 pF

VA =
Rs =
CHx =
Chn =
Vr =

ILeakace =

SS =
Rss =

CsampLe = /

4-1:

25

1]
¥ 20 .
2 T
= ™N
2 15
: \
o
L0 \
- Vop= 2.7V SN \
g N
2 05 ™
© N\
N\
0.0
100 1000 10000
Input Resistance (Ohms)
4-2: INL 0.1L.SB
(Rs) vs.
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MCP3204/3208

5.0
MCP3204/3208 SPI o | D2 | bt | po
_C__S Low *D2  MCP3204
51 cs Low 5-1: MCP3204
High Low C_S
Low DyyHigh
SGL/DIFF SINGLE/ b2 | b1 | Do
3 (DO 1 0 o]o CHO
D1 D2) 1 0 0|1 CH1
51 52 MCP3204 MCP3208
1 0 1|o0 CH2
4 1 0 1|1 CH3
1 1 o]o CH4
5
1 1 0|1 CH5
DO 1 1 1|o0 CH6
(Din 1 1 1|1 CH7
) 0 0 o]o CHO = IN+
Low CH1=IN-
12 51 MSB
0 0 0|1 CHO = IN-
CH1=IN+
_ 12
cS  Low 0 0 1|o0 CH2 = IN+
CH3=IN-
52 __ LSB 0 0 1|1 CH2=IN-
cs Low CH3=IN+
(LSB 0 1 0o]o CH4 =N+
) CH5 = IN-
e 0 1 0|1 CH4 = IN-
Dy, cs CH5=IN+
Low 0 1 1 |o CH6 = IN+
8 CH7 =IN-
S 0 N ERE CH6 = IN-
A MCP3204/3208 CH7 =IN+
6.1 5-2: MCP3208
DIEE D2* D1 DO
1 x [o]o CHO
1 x |lo |1 CH1
1 x [1]o CH2
1 X [ 11 CH3
0 x [o]o CHO = IN+
CH1=IN-
0 X o1 CHO = IN-
CH1=IN+
0 x [1]o CH2=IN+
CH3=IN-
0 X [ 1|1 CH2=IN-
CH3=IN+
DS21298B-J0- 14 a 1999 Microchip Technology Inc.
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MCP3204/3208

tCYC

HI-Z Nl HI-Z
ou noooooonnnnG
t

| SGL/
L o | D2

CONV

t

SAMPLE tDATA **
* CSLow A/D LSB
5-2
** toata: .
LSB CLK
5-1: MCP3204 MCP3208

CcYC

CS —I

- | |'_ tsucs

DIFF
HI-Z
DOUT
tSAMF’LE
* cSLow AID
** toaTa: °
LSB CLK

5-2: LB MCP3204 MCP3208
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MCP3204/3208

6.0 6-1 A/D
5
6.1 (MCU) SPI
MCP60X 12 MCU
sP| MSB 12 A/D
8 2
MCU
3 ( 2
P . )
MCP3204/3208 8 4 3
8
6-1 6-2  MCP3204/3208 SPI 6-2 High
MCU SPI 1,1
61 SPI 0,0 0,0 A/D
MCU SCLK Low MCU
6-2 A/D
High S 11
E MCU SCLK A/D

T 1] I T3 T ] IR
~ _ARARARI, FRRARIL AR
A/D |
[ - T
EEEECEEER R —

< o Ledolefol o Bffe ] forfoo [ x| x [x [ [x [ | [ [ [ [ [ [ [ o]
( )MCU > -1 -1 - > ) 5 | - 2 ?I? I(N%”)Igﬂlglolgglggl |B7|86|BS|BA|B3|BZ|BIIBO|
| [ || J
8 MCU 2 8 MCU 8 MCU
X =
618 > ( 00 SCLK Low )

CS MCU SCLK A/D
LIS R N R E A A T T T T T T
SCLK 1 H_3 4| |5 6UT| 8 | IQU;U:U;U; |14| 115 16 1; |18| 19 |;|_F|_|;|_F|_24
A I A B N T N A A A |
DOUT Hi-z \_FX;X;I B8 xB7 x B6 K BS x B4K B3 K B2 x B1 K BO )—

MCU
S I K 2 R = 1 e E E E E E E e e e P ER e e e
MCuU
S I I P e K K
[ (| I J
8 MCU 2 8 MCU 8 MCU
X =
6-2: 8 P ( 1,1 SCLK High )
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6.2 6.4
MCP3204/3208 PCB .
1 .
85 .
) 1uF
1.2ms b PCB
12 .
1.2ms
(10kHz ) (
) L]
A/D PCB
" " Voo
6.3 / 6-4
A/D
A/D ANGS8
Layout Tips for 12-Bit A/D Converter Applications
4-2
VDD
6-3 MCP3204/3208
( ) !
FilterLab™
( ) FilterLab .
ANG99 Anti-Aliasing Analog Filters °0
for Data Acquisition Systems 2
VDD
2 (| 10pH 6-4:
"J_ " " VDD
) | 1pf
r MCP3204| ~|
R, C MCP601
A +
VIN : - )
C
= Ry
Ry
6-3. MCP3204 2
: FilterLab Microchip Technology
MCP601 |
nc.
a 1999 Microchip Technology Inc.
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MCP3204/3208

6.5
MCP3204/3208
6-5
2
5 10W
Vss

A/D

I I
I I
I I
I I
- SP| -
| ] |
. _ |
| |
I I
| Wv |
5-10 W
L — — 4 — — — — — ] _ — — 1
O O
6-5:
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MCP3204/3208

MCP3204
MCP3204 - G T /P
P = PDIP (14 )
SL = SOIC (150 mil Body), 14
ST = TSSOP, 14 (C )
| | = —40°C  +85°C
I B = +1 LSB INL ( TSSOP )
C = x2LSBINL
| : MCP3204 = 4. 12- A/D
| MCP3204T = 4- 12- A/D (
)solic TSSOP )
MCP3208
MCP3208 - G T [P
’ : P = PDIP (16 )
SL = SOIC (150 mil Body), 16
| : | = _40°C  +85°C
I B = +1LSB INL ( TSSOP )
C = +2LSBINL
| : MCP3208 = 8- 12- A/D
| MCP3208T = 8- 12- AD
( )solc )
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