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1 GENERAL INFORMATION

1.1 FEATURES

n 8- Mhz V40 Proc es sor, 8088 com pati ble with in te gral pe riph er als
—  DMA con trol ler
—  8259 Com pati ble In ter rupt con trol ler
—  Se rial Com mu ni ca tions Unit (SCU)
—  8254 Com pati ble Counter/Timer
—  Re fresh/Wait State Con trol ler

n 2 Meg on board mem ory ad dress able through 4 JE DEC 32- pin sock ets
n Two 8250 Com pati ble Se rial chan nels, fully PC COM1, COM2 com pati ble.
n 1 PC Style Par al lel Printer Port as LPT1
n Op tional 12- Bit A/D con verter
n 24 Lines of Par al lel I/O us ing on- board 71055
n On- Board Dal las Semi con duc tor DS1202 Clock/Cal en dar/RAM
n Watch dog Timer with Soft ware En able/Dis able ca pa bil ity
n Soft ware Con trolled Ac tiv ity/Status LED
n Pre ci sion Power- Fail/Brown- out su per vi sory cir cuit
n Op er at ing Tem pera ture Range of -40°C to +85°C
n PC/104 Ex pan sion Bus
n +5 Volt only op era tion

1.2 General Description

The SAT- V41 is a com pact medium- performance in dus trial con trol and moni tor ing
en gine with a highly di verse set of in te grated I/O pe riph er als. The 8088 code com pati ble
V40 proc es sor of fers an en hanced in struc tion set, cou pled with an im proved in struc tion
pipe line re sult ing in a per form ance in crease over the 8088. The DMA con trol ler,
Timer/Counter Unit, Se rial Com mu ni ca tions Unit, Re fresh Con trol ler, 8259 Com pati ble 
in ter rupt con trol ler, and wait state con trol ler are all in te grated into the V40 CPU. A
mem ory pag ing scheme al lows for up to 2 mega bytes of SRAM, PSRAM, EPROM, and
PEROM to be ac cessed by the proc es sor through the 4 on- board 32- pin JE DEC stan dard 
mem ory sock ets. An op tional on- board bat tery al lows for pro tec tion of SRAM as well as
power- down time keep ing for the Dal las Semi con duc tor DS1202 Clock/Cal en dar Chip.
This chip also pro vides 24 bytes of bat tery backed con figu ra tion RAM. The ad di tion of
the Star tech 16C452 pro vides two 8250 Com pati ble se rial ports and a par al lel printer
port. These 2 se rial ports are mapped at PC stan dard COM1 and COM2 ad dresses and
can use ge neric PC com mu ni ca tions I/O rou tines. These se rial ports may be op tion ally
con fig ured for RS- 422 or RS- 485. The Par al lel printer port is also fully PC com pati ble.
To pro vide con trol ca pa bil ity an 71055 PPI (In tel 8255 equiva lent) chip al lows for 24
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lines of multi- mode digi tal I/O, in clud ing OPTO- 22 in ter face com pati bil ity. An ad di tional
on- board op tion is for 8 chan nels of Ana log in put with 12- bit reso lu tion. The SAT- V41
packs all of the most re quested func tions onto a sin gle 4.5" x 7.0", 5 Volt only board
which is func tion ex pand able through low- cost PC/104 mod ules from  Win Sys tems and a 
va ri ety of in ter na tional sup pli ers.

1.3 SAT-V41 SPECIFICATIONS

1.3.1 Electrical

Bus In ter face : PC/104 8- Bit com pati ble

Sys tem Clock  : 8 MHz.

In ter rupts    : TTL Level

VCC  : +5 Volts +/-5% at  200mA with no mem ory de vices in stalled.

VCC1 : +12V +/-5% for PC/104 mod ule use only

VCC2 : -12V +/-5% for PC/104 mod ule use only

1.3.2 Memory

Ad dress ing : 1 Mega byte di rectly ad dress able. 4 Mega byte ca pa bil ity pro vided through
                                       an 8- bit page reg is ter.

Mem ory Sock ets : Four 32- pin JE DEC com pati ble sock ets. 1 ROM only. 1 RAM only,
                                        2 for RAM, ROM, EPROM, or PEROM.

1.3.3 Mechanical

Di men sions : 4.5 X 7.0 X 0.6 inches 

PC Board  : FR-4 ep oxy glass with 2 sig nal lay ers and 2 power planes with screened
                                       com po nent leg end and plated through holes.

Jump ers  : 0.025" square posts on 0.10" cen ters

Con nec tors : 
Se rial Port Con nec tors (3) : 10 Pin RN type IDH- 10- LP
Printer Port : 26 Pin RN type IDH- 26- LP
Par al lel I/O : 50 Pin RN type IDH- 50- LP
Ana log In put : 26 Pin RN type IDH- 26- LP
PC/104 BUS : SAM TECH type ESQ- 132- 12- G-D
Power In put : Mo lex 22- 11- 2082
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1.3.4 Environmental

Op er at ing Tem pera ture : -40° C to +85° C
Non- condensing Hu mid ity : 5 to 95%
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2 SAT-V41 TECHNICAL REFERENCE

2.1 Introduction

This sec tion of the man ual is in tended to pro vide suf fi cient in for ma tion for the con -
figu ra tion and us age of the SAT- V41 board. Win Sys tems main tains a tech ni cal sup port
group to help an swer ques tions re gard ing con figu ra tion, us age, or pro gram ming of the
board. For an swers to ques tions not ade quately ad dressed in this man ual con tact Tech -
ni cal Sup port at (817) 274- 7553 be tween 8AM and 5PM Cen tral Time, Mon day through
Fri day. The SAT- V41 board util izes a number of com plex VLSI de vices in its de sign. The
manu fac turer's data sheets for these de vices are re printed in the Ap pen di ces. Ref er to
these docu ments for pro gram ming in for ma tion.

2.2 V40 CPU

The V40 proc es sor is a high- performance, low- power proc es sor which in cor po rates a 
number of com monly used pe riph eral de vices di rectly into the proc es sor. The pe riph er -
als in clude

— 4 Chan nel 8- bit DMA con trol ler
— Se rial Com mu ni ca tions Unit
— 8259 Com pati ble In ter rupt Con trol ler
— 8254 Com pati ble Timer/Counter
— DRAM Re fresh con trol cir cuitry
— Pro gram ma ble wait- state gen er ator

The V40 CPU is fully ob ject code com pati ble with the IN TEL 8088 and pro vides hard -
ware and in struc tion set en hance ments for im proved per form ance over the 8088. The
SAT- V41 is eas ily pro grammed us ing MS- DOS based as sem blers, com pil ers and de vel -
op ment tools. Con tact your Win Sys tems Ap pli ca tion En gi neer for de tails on avail able de -
bug ging and op er at ing sys tem op tions. Ref er to the V40 Data Sheet re print in the
Ap pen dix for com plete in for ma tion re gard ing the us age and pro gram ming of the V40's
pe riph er als and fea tures.
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2.3 Memory Addressing

The V40 proc es sor on the SAT- V41, like its IN TEL coun ter parts, di rectly ad dresses 1 
mega byte of mem ory us ing 20 ad dress lines. The SAT- V40 adds an 8- bit pag ing reg is ter
to al low ac cess ing of up to 4 mega bytes through 16K byte pages. The ad dress bus to the
mem ory ar ray ac tu ally con sists of 22 bits. The map ping of the in di vid ual JE DEC sock ets 
is con trolled by a PLD de vice at U24 and by three jumper po si tions on J22. The stan dard
mem ory maps are shown in the fol low ing ta ble. Note that ac cess ing of any de vice at or
above ad dress 100000H must be done through the 16K page win dow.
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 1 o   o  2
 3 o   o  4
 5 o   o  6

 1 o
 2 o
 3 o

 1 o
 2 o
 3 o

 1 o
 2 o
 3 o

 1 o
 2 o
 3 o

  1  o   o  2
  3  o   o  4
  5  o   o  6
  7  o   o  8
  9  o   o 10
 11 o   o 12
 13 o   o 14

  1  o   o  2
  3  o   o  4
  5  o   o  6
  7  o   o  8
  9  o   o 10
 11 o   o 12
 13 o   o 14

J16

J20

J23

J18

J21

J22

J24



2.4 Memory Map Selection

2.5 Memory Device Configuration

The 4 mem ory sock ets U25, U23, U21 and U17 can be popu lated with stan dard
PSRAM, SRAM, EPROM, and PEROM de vices. Each socket must be con fig ured for the
ac tual type of de vice in stalled re gard less of the mem ory map space al lo cated. A ta ble of
de vice types and jump er ing for each socket is pro vided on the fol low ing page.
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Mem ory
Map No.

J22
Jump er ing

U25 U23 U21 U17

0
1-2
3-4
5-6

128K ROM
at 0E0000H

32K RAM
at 000000H

32K ROM/RAM
at 008000H

32K ROM/RAM
at 010000H

1
3-4
5-6

256K ROM
at 0C0000H

128K RAM
at 000000H

128K ROM/RAM
at 020000H

128K ROM/RAM
at 040000H

2
1-2
5-6

512K ROM
at 080000H

512K RAM
at 000000H

512K ROM/RAM
at 100000H

512K ROM/RAM
at 180000H

3 5-6
64K ROM

at 0F0000H
128K RAM
at 000000H

512K ROM/RAM
at 100000H

512K ROM/RAM
at 180000H

4
1-2
3-4

64K ROM
at 0F0000H

512K RAM
at 000000H

512K ROM/RAM
at 100000H

512K ROM/RAM
at 180000H

5 3-4

64K ROM
at 0F0000H
512K ROM
at 100000H

512K RAM
at 000000H

512K ROM/RAM
at 200000H

512K ROM/RAM
at 280000H

6 1-2

64K ROM
at 0F0000H
512K ROM
at 180000H

512K RAM
at 000000H

128K RAM
at 080000H
512K RAM
at 280000H

512K ROM/RAM
at 100000H

7 None

64K ROM
at 0F0000H
512K ROM
at 180000H

512K RAM
at 000000H

512K ROM/RAM
at 100000H

512K ROM/RAM at 
200000H



NOTE : A jumper must be in stalled at J30 any time a PSRAM is used in any of the
sock ets in or der to en able RE FRESH from the V40.
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De vice
Type

U25 ROM ONLY
J23                    J24

U23 RAM ONLY
J20                     J21

U21
RAM/ROM

J18

U17
RAM/ROM

J16
32K ROM OPEN 1-2 1-2 11- 12 1-2 11- 12

64K ROM 2-3 1-2
1-2 4-6
11- 12

1-2 4-6
11- 12

128K ROM 2-3 OPEN
1-2 4-6

9-11
1-2 4-6

9-11

256K ROM 2-3 2-3
1-2 4-6

9-11 12- 14
1-2 4-6

9-11 12- 14

512K ROM 2-3 2-3
1-2 4-6
5-7 9-11

12- 14

1-2 4-6
5-7 9-11

12- 14

32K PEROM
1-3 2-4
11- 12

1-3 2-4
11- 12

128K PEROM
1-2 4-6

3-5
1-2 4-6

3-5

256K PEROM
1-2 4-6
3-5 8-9
12- 14

1-2 4-6
3-5 8-9
12- 14

512K PEROM
1-2 4-6
3-5 7-9
12- 14

1-2 4-6
3-5 7-9
12- 14

32K SRAM 1-2 OPEN
1-3 2-4
11- 12

1-3 2-4
11- 12

128K SRAM 1-2 OPEN
1-3 2-4

5-6 11- 12
1-3 2-4

5-6 11- 12

256K SRAM 2-3 OPEN
1-3 2-4

5-6 12- 14
1-3 2-4

5-6 12- 14

512K SRAM 2-3 2-3
1-3 2-4
5-6 7-9
12- 14

1-3 2-4
5-6 7-9
12- 14

128K PSRAM 1-2 1-2
1-3 2-4
5-6 9-10

11- 12

1-3 2-4
5-6 9-10

11- 12

512K PSRAM 2-3 2-3
1-3 2-4
5-6 7-9
12- 14

1-3 2-4
5-6 7-9
12- 14



2.6 Memory Paging Configuration

The 16K win dow through which the 4 mega byte ad dress space can be ac cessed is
jumper ad dress able via jumper block J29. This jumper block sets the base ad dress for
the win dow. The nor mal set ting for use with ROM- DOS and Win Sys tems RAM/ROM Disk 
driv ers is at ad dress E8000H as shown here. 

The mem ory page reg is ter is mapped at I/O port 1D0H and is write only. When a CPU
mem ory ac cess oc curs that matches Ad dress lines A19 through A14 as jumpered via
J29, a trans lated ad dress is gen er ated by us ing the 8 bits from the page reg is ter to form
Ad dresses A21 through A14 com bin ing with the ad dresses A13 through A0 from the
CPU. Ac cess out side the 16K win dow are made us ing the CPU ad dresses A19 through A0
with ad dresses A20 through A21 al ways 0. The mem ory pag ing op tion is en abled by plac -
ing a jumper on J29 pins 13- 14.
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  1  o   o  2
  3  o   o  4
  5  o   o  6
  7  o   o  8
  9  o   o 10
 11 o   o 12
 13 o   o 14

 A14
 A15
 A16
 A17
 A18
 A19
PAGEN

J29

Default Memory Page Address at E8000H



2.7 Battery Select Options

An op tional on- board bat tery at BT1 pro vides for power- off backup of the se lected
RAM socket(s), and backup power for the DS- 1202 Clock/Cal en dar/RAM. A mas ter bat -
tery en able is pro vided via J31 pins 3-4. When jumpered, the bat tery power is pro vided
to the su per vi sory cir cuit and is avail able to each of the SRAM bat tery se lect jump ers.
The DS- 1202 clock has a sepa rate en able jumper on pins 1-2 of J31. RAM sock ets U17,
U21, and U23 each have a bat tery backup se lect jumper as J15, J17, and J19 re spec -
tively. If the jumper block pins 1-2 are con nected, the in stalled de vice will re ceive bat tery
power when the main power is re moved. When pins 2-3 are jumpered, +5 volts from the
power sup ply is pro vided to the sock ets.

2.8 Serial Communications

The SAT- V41 pro vides three se rial chan nels, the V40 SCU and two 8250 com pati ble
ports at PC com pati ble ad dresses of 3F8h and 2F8h ter mi nated at J5 and J6 re spec -
tively.

The V40 Se rial Com mu ni ca tion Unit (SCU) is ter mi nated at J3. The pin out of J3 is
shown be low. This se rial port sup ports RS232 only and pro vides only CTS/RTS hand -
shake sup port through aux il iary reg is ters. Ref er to AP PEN DIX D for pro gram ming de -
tails on the V40 SCU.
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 2   4   6
 o   o   o
 o   o   o
 1   3   5

 1   2   3
 o   o   o

 1   2   3
 o   o   o

 1   2   3
 o   o   o

J31

J15

J17

J19

Battery control jumpers J31,
J15, J17, and J19

 1  o   o  6
 2  o   o  7
 3  o   o  8
 4  o   o  9
 5  o   o  10

 N/C
 RX DATA
 TXDATA
 N/C
 GND

 N/C
 RTS
 CTS
 N/C
 N/C

J3 RTS  SOURCE SELECT

 1  o
 2  o
 3  o

 1  o
 2  o
 3  o

RTS from V40 INTAK PIN RTS from MISC I/O Bit 6

J12 J12



The 8250 com pati ble se rial ports are mapped to PC com pati ble ad dresses of 3F8H
for COM1 and 2F8H for COM2. Each of these ports may be in di vidu ally con fig ured for
RS232, RS422, or RS485.

Op tional chip kits part number CK- 75176-2 are re quired in or der to al low con figu ra -
tion of RS422 or RS485. One chip kit will al low one chan nel of RS422 or two chan nels of
RS485. When con fig ur ing a chan nel for RS422 or RS485 it will be nec es sary to re move
the RS232 line driver(s) at U35 and/or U36 as ap pro pri ate. Each of the con figu ra tions is
docu mented be low.
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Con figu ra tion
COM1      COM2

J9
Jump ers

J10
Jump ers

U35
In stalled

U36
In stalled

U3
In stalled

U4
In stalled

U5
In stalled

U6
In stalled

RS232 RS232 OPEN OPEN YES YES NO NO NO NO

RS232 RS422 OPEN
1-2
5-6

YES NO NO NO YES YES

RS232 RS485 OPEN
3-4
5-6

YES NO NO NO YES NO

RS422 RS232
1-2
5-6

OPEN NO YES YES YES NO NO

RS422 RS422
1-2
5-6

1-2
5-6

NO NO YES YES YES YES

RS422 RS485
1-2
5-6

3-4
5-6

NO NO YES YES YES NO

RS485 RS232
3-4
5-6

OPEN NO YES YES NO NO NO

RS485 RS422
3-4
5-6

1-2
5-6

NO NO YES NO YES YES

RS485 RS485
3-4
5-6

3-4
5-6

NO NO YES NO YES NO

 1  o   o  2
 3  o   o  4
 5  o   o  6

J9 J10

J12

 1  o   o  2
 3  o   o  4
 5  o   o  6U4

U5

U6

U36

U3

U35

Serial Configuration
Jumpers J9, J10 and
J12

RS232 Line Drivers U35 
and U36

RS422/485 Line Drivers 
U3 and U4

 1  o
 2  o
 3  o



2.9 Parallel Printer port

The SAT- V41 con tains a PC com pati ble Cen tron ics Par al lel printer port ter mi nated
at J4. When used with ca ble CBL- 122-1, stan dard PC printer ca bles can be con nected to
the SAT- V41. The pin defi ni tions for J4 are shown be low.

2.9.1 Bi-directional Data control

The 16C452 Se rial/Par al lel con trol ler al lows for a bi- directional printer port data
bus. J14 al lows se lec tion of the method of con trol for the data port di rec tion.

Page 2-8 OPERATIONS MANUAL SAT-V41 981209

WinSystems "The Embedded Systems Authority"

  1  o
  2  o

 1   2   3
 o   o   o

J11

J14

   1  o   o  14
   2  o   o  15
   3  o   o  16
   4  o   o  17
   5  o   o  18
   6  o   o  19
   7  o   o  20
   8  o   o  21
   9  o   o  22
  10 o   o  23
  11 o   o  24
  12 o   o  25
  13 o   o  26

/STB
PD0
PD1
PD2
PD3
PD4
PD5
PD6
PD7

/ACK
BUSY

PE
SLCT

/AFD
/ERROR
/INIT
/SLIN
GND
GND
GND
GND
GND
GND
GND
GND
+5V / NC

J4

 1   2   3
 o   o   o

 1   2   3
 o   o   o

J14 J14

Output Only Software Direction Control

 1  o   o  6
 2  o   o  7
 3  o   o  8
 4  o   o  9
 5  o   o  10

 1  o   o  6
 2  o   o  7
 3  o   o  8
 4  o   o  9
 5  o   o  10

 1  o   o  6
 2  o   o  7
 3  o   o  8
 4  o   o  9
 5  o   o  10

CD
RXDATA
TXDATA
DTR
GND

DSR
RTS
CTS
RI
N/C

N/C
TX+
TX-
N/C
GND

RX+
RX-
N/C
N/C
N/C

N/C
N/C
N/C
N/C
N/C

N/C
TX/RX+
TX/RX-
N/C
GND

J5/J6 J5/J6 J5/J6

RS232 PIN DEFINITIONS RS485 PIN DEFINITIONSRS422 PIN DEFINITIONS



When se lected for soft ware di rec tion con trol, bit 3 of the mis cel la ne ous con trol reg is -
ter at I/O ad dress 1D4H al lows for dy namic di rec tion con trol. When the bit is 0, the data
port is con fig ured for out put, when set to 1, it is con fig ured for in put. 

When the printer port is used as a gen eral pur pose I/O port, it may be de sir able to pro -
vide power via the par al lel printer I/O con nec tor. Pin 26 of J4 can be used for this power
feed by jump er ing J11. Cur rent con sump tion through this feed is not fused or oth er wise
lim ited on the board and it is the user's re spon si bil ity to as sure ade quate cur rent lim it -
ing so as to avoid dam age to the SAT- V41 board.

2.10 Counter/Timer I/O

The V40 proc es sor con tains in ter nally the equiva lent of an 8254 type coun ter/ timer
mod ule with three sepa rate chan nels. Each chan nel's source can be in di vidu ally pro -
grammed as in ter nal or ex ter nal. Ex ter nal sources can be fed into J28 pin 1. A 1.19Mhz
os cil la tor is pro vided on SAT- V41 boards run ning DOS to al low for soft ware tim ing com -
pati bil ity with PC hard ware. Chan nel 0 of the coun ter is typi cally used as a pe ri odic in ter -
rupt which is avail able at IRQ0 of the in ter nal in ter rupt con trol ler. Chan nel 1 is used as
the baud rate gen er ator for the V40 Se rial Con trol Unit. Chan nel 2 is used for sound in
stan dard PC ar chi tec tures but is left avail able to the user on the SAT- V41. The avail able
Out put and con trol (gate) pins are ter mi nated on J28. The pin out of J28 is shown be low.

2.11 Watchdog Timer

The SAT- V41 util izes the MAXIM 690 su per vi sory cir cuit which pro vides power on
re set tim ing, power brown- out pro tec tion, bat tery back- up switch ing, and watch dog
timer func tions. The watch dog timer once en abled must be strobed at least once every
1.5 sec onds or a re set will be as serted to the proc es sor. This strob ing or pet ting oc curs
by is su ing an I/O write in struc tion to I/O port 1C8H. The data value writ ten is ir rele vant.
In or der to ac ti vate the watch dog timer, two steps are nec es sary. First the jumper at J31
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 2  o   o  4
 1  o   o  3

 2   4   6
 o   o   o
 o   o   o
1   3    5

J28

J31

  2 o   o  4
  1 o   o  3

1.19 Mhz Osc.
TCLK Input

TCTL2
TOUT2

J28



5-6 must be in stalled, and sec ond, a write of 1 to I/O port 1C0H  will start the timer. To
dis able the watch dog, write a 0 to I/O port 1C0H.

2.12 DS-1202 Clock/Calendar/RAM

The SAT- V41 util izes the Dal las Semi con duc tor DS- 1202 Clock/Cal en dar/RAM IC for 
time and date keep ing. Up to 24 bytes of con figu ra tion in for ma tion may be stored in RAM 
within the clock chip. The DS- 1202 is ac cessed in a se rial fash ion us ing bits in the mis -
cel la ne ous I/O reg is ter at 1D4H. The com plete bit defi ni tions for this port I/O port are
shown be low.

Bit Write Read
———————————————————————
D7 N/C CTS
D6 RTS RTS
D5 LED LED
D4 CKDIR CKDIR
D3 LPTOE LPTOE
D2 SELCT SELCT
D1 SHCLK SHCLK
D0 I/O I/O

D7 - Write no op era tion, Read for V40 SCU se rial RTS in put

D6 - Write/read  for RTS on V40 SCU se rial chan nel

D5 - Write/read 1= LED ON, 0 = LED OFF

D4 - Write/Read ,Clock Write = 0, Clock Read or Ana log I/O = 1

D3 - Write/Read ,LPT Data out put = 0, LPT Data in put = 1

D2 - Write/Read, De vice Se lect Clock = 1, Ana log = 0

D1 - Write/Read ,Se rial pe riph eral Shift Clock

D0 - Write/Read, Se rial Pe riph eral Data

Ref er to the Re print of the DS- 1202 Da tasheet in Ap pen dix G for com plete de tails re -
gard ing pro gram ming and reg is ter/RAM im ple men ta tion. The sup plied “sam ple pro -
grams” disk ette has sam ple clock/cal en dar, RAM, and A/D con verter ac cess rou tines
writ ten in 'C' that can be in cor po rated into the user's ap pli ca tion pro gram.
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2.13 Interrupt routing

Ex ter nal in ter rupts to the V40 are pro vided via the PC/104 Ex pan sion bus. (See
PC/104 pin out in later sec tion) All in ter rupts are ris ing edge ac tive and un ter mi nated on
the bus. Two jumper blocks are pro vided to al low ena bling and dis abling of en hanced in -
ter rupt op tions. Jump er ing J26 al lows the PC/104 0WS (pin B8) line to be used as an in -
put for IRQ1. This al lows PC con fig ured sys tems to use the stan dard in ter rupt for
key board in put which is nor mally not avail able on the PC/104 bus. This op tion would
typi cally be jumpered only when used with the PCM- DSKIO, disk, key board, ac ces sory
mod ule. The PC/104 bus de fines pin A1 as a non- maskable in ter rupt (NMI). This in put
may be de feated by re mov ing the jumper from J25.

2.14 Status LED

The SAT- V41 pro vides a status/di ag nos tic LED port which can be used by ap pli ca tion 
soft ware to sig nal ac tiv ity, er ror or other user- defined func tions. To il lu mi nate the LED it 
is only nec es sary to set bit 5 of I/O port 1D4. Ex tin guish ing of the LED is ac com plished by 
clear ing bit 5. The mis cel la ne ous I/O port is read/write so the proper pro ce dure to avoid
chang ing out puts on other bits, is to read in the cur rent value, set or clear bit 5 as de sired
and re write the value.

2.15 Analog Input

The SAT- V41 util izes the MAX186 8- Channel Ana log to Digi tal con verter pro vid ing
12- bit reso lu tion for a 0 to 4.096V in put sig nal. An in ter nal 1.7 Mhz con ver sion clock al -
lows for a mini mum 5.5 uS con ver sion time. The ac tual con ver sion through put is highly
de pend ent upon cod ing and has been dem on strated at be tween 2Khz and 500hz us ing
as sem bly and C re spec tively. Each chan nel can be soft ware con fig ured for Uni po lar and
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 2  o

 1  o
 2  o

J25 J26



Single- Ended/Dif fer en tial op era tion. Ref er to Ap pen dix H for the MAXIM186 da tasheet
re print for ad di tional us age and pro gram ming de tails. The A/D con verter is ac cessed se -
ri ally through the Mis cel la ne ous I/O reg is ter. The dia gram be low shows the ana log in put
con nec tor J2.

2.16 Parallel I/O

The SAT- V41 uses the NEC 71055 PIO chip (In tel 8255 com pati ble) to pro vide for 24
lines of digi tal I/O. Sev eral modes are sup ported as docu mented in the 71055 da tasheet
re print in Ap pen dix F. The Base ad dress of the chip is at 50H. The digi tal I/O is ter mi -
nated at J1. The pin out of J1 is shown be low :

Note that Pin 49 may be con fig ured to sup ply +5 volts to the I/O con nec tor. This is ac -
com plished by plac ing a jumper on J27. The cur rent drawn from this pin should be 300
mA or less.
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   1  o   o  14
   2  o   o  15
   3  o   o  16
   4  o   o  17
   5  o   o  18
   6  o   o  19
   7  o   o  20
   8  o   o  21
   9  o   o  22
  10 o   o  23
  11 o   o  24
  12 o   o  25
  13 o   o  26

CH0
CH1
GND
CH2
GND
CH3
GND
CH4
GND
CH5
GND
CH6
CH7

CH1
CH3
GND
CH5
GND
CH7
GND
N/C
GND
N/C
GND
N/C
N/C

J2

   1  o   o  2
   3  o   o  4
   5  o   o  6
   7  o   o  8
   9  o   o  10
  11 o   o  12
  13 o   o  14
  15 o   o  16
  17 o   o  18
  19 o   o  20
  21 o   o  22
  23 o   o  24
  25 o   o  26
  27 o   o  28
  29 o   o  30
  31 o   o  32
  33 o   o  34
  35 o   o  36
  37 o   o  38
  39 o   o  40
  41 o   o  42
  43 o   o  44
  45 o   o  46
  47 o   o  48
  49 o   o  50

Port C bit 7
Port C bit 6
Port C bit 5
Port C bit 4
Port C bit 3
Port C bit 2
Port C bit 1
Port C bit 0
Port B bit 7
Port B bit 6
Port B bit 5
Port B bit 4
Port B bit 3
Port B bit 2
Port B bit 1
Port B bit 0
Port A bit 7
Port A bit 6
Port A bit 5
Port A bit 4
Port A bit 3
Port A bit 2
Port A bit 1
Port A bit 0

+5V/NC

GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND
GND

J1



2.17 PC/104 Expansion Bus

The SAT- V41 pro vides for ex pan sion through a sin gle PC/104 8- Bit ex pan sion con -
nec tor at J8. PC/104 ex pan sion mod ules are avail able from a number of ven dors and in -
clude disk, net work, digi tal, and ana log I/O cards. The pin defi ni tions for the PC/104
con nec tor are shown here :

2.18 Power Input

Power is sup plied to the SAT- V41 through con nec tor J7. A pre- wired har ness ca ble
CBL- 174-1 is avail able to fa cili tate con nec tion to the SAT- V41. The pin defi ni tions for J7
are shown be low.
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 B1   o   o   A1
 B2   o   o   A2
 B3   o   o   A3
 B4   o   o   A4
 B5   o   o   A5
 B6   o   o   A6
 B7   o   o   A7
 B8   o   o   A8
 B9   o   o   A9
 B10 o   o  A10
 B11 o   o  A11
 B12 o   o  A12
 B13 o   o  A13
 B14 o   o  A14
 B15 o   o  A15
 B16 o   o  A16
 B17 o   o  A17
 B18 o   o  A18
 B19 o   o  A19
 B20 o   o  A20
 B21 o   o  A21
 B22 o   o  A22
 B23 o   o  A23
 B24 o   o  A24
 B25 o   o  A25
 B26 o   o  A26
 B27 o   o  A27
 B28 o   o  A28
 B29 o   o  A29
 B30 o   o  A30
 B31 o   o  A31
 B32 o   o  A32

GND
RESET
+5V
IRQ2
-5V
DRQ2
-12V
0WS
+12V
GND
MEMW
MEMR
IOW
IOR
DACK3
DRQ3
DACK1
DRQ1
DACK0
SYSCLK
IRQ7
IRQ6
IRQ5
IRQ4
IRQ3
DACK2
TC
BALE
+5V
OSC
GND
GND

IOCHK
BD7
BD6
BD5
BD4
BD3
BD2
BD1
BD0
IOCHRDY
AEN
SA19
SA18
SA17
SA16
SA15
SA14
SA13
SA12
SA11
SA10
SA9
SA8
SA7
SA6
SA5
SA4
SA3
SA2
SA1
SA0
GND

J8

 8   o
 7   o
 6   o
 5   o
 4   o
 3   o
 2   o
 1   o

-12V
+12V
+5V
+5V
GND
GND
GND
/RESET

J7



2.19 Connector/Jumper Summary

Con nec tor/Jumper                 De scrip tion                              Page Ref er ence

J1 Par al lel I/O con nec tor 2-12
J2 Ana log In put Con nec tor 2-12
J3 V40- SCU Con nec tor 2-6
J4 LPT1 Con nec tor 2-8
J5 COMM1 I/O 2-7
J6 COMM2 I/O 2-7
J7 Power Con nec tor 2-13
J8 PC/104 Bus Con nec tor 2-13
J9 COMM1 Se rial Con figu ra tion 2-7
J10 COMM2 Se rial Con figu ra tion 2-7
J11 LPT Port VCC En able 2-8, 2-9
J12 RTS Source Se lect V40 SCU 2-6, 2-7
J13 COMM1/COMM2 RS232 En able 2-7
J14 LPT1 Di rec tion Con trol 2-8
J15 U17 VBAT/VCC Se lect 2-6
J16 U17 De vice Con figu ra tion Jumper 2-2, 2-4
J17 U21 VBAT/VCC Se lect 2-6
J18 U21 De vice Con figu ra tion Jumper 2-2, 2-4
J19 U23 VBAT/VCC Se lect 2-6
J20 U23 De vice size Se lect 2-4
J21 U23 De vice size Se lect 2-4
J22 Mem ory Map Se lect 2-2, 2-3
J23 U25 De vice size Se lect 2-2, 2-4
J24 U25 De vice size Se lect 2-2, 2-4
J25 NMI En able 2-11
J26 IRQ1 to PC/104 In ter rupt Rout ing 2-11
J27 Par al lel I/O VCC en able 2-12
J28 Counter/Timer con fig jumper 2-9
J29 Mem ory page ad dress se lect 2-5
J30 Re fresh en able jumper 2-4
J31 VBAT/Watch dog timer con trol 2-6, 2-9
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3 APPENDIX A

SAT- V41 I/O Port Map

I/O Ad dress De scrip tion

050- 053H 71055 PIO Chip
1C0- 1C3H Watch dog Timer En able
1D0- 1D3H Mem ory Page Reg is ter
1D4- 1D7H Misc. I/O Reg is ter
1C8- 1CBH Watch dog Pet
2F8- 2FFh COMM2
378- 37FH LPT1
3F8- 3FF COMM1
FFF0H V40 TCKS Reg is ter
FFF1H V40 Re served
FFF2H V40 RFC Reg is ter
FFF3h V40 Re served
FFF4H V40 WMB Reg is ter
FFF5H V40 WCY1 Reg is ter
FFF6H V40 WCY2 Reg is ter
FFF7H V40 Re served
FFF8H V40 SULA Reg is ter
FFF9H V40 TULA Reg is ter
FFFAH V40 IULA Reg is ter
FFFBH V40 DULA Reg is ter
FFFCH V40 OPHA Reg is ter
FFFDH V40 OPSEL Reg is ter
FFFEH V40 OPCN Reg is ter
FFFFH V40 Re served

NOTE : All in ter nal V40 pe riph er als are soft ware lo cated within the I/O space based on the con tent of the
OPHA reg is ter and the in divdual place ment reg is ters i.e. DULA, TULA, SULA, IULA. Ref er to the V40 da -
tasheet for ad di tional de tails.
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SAT- V41 Parts List
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12/09/98                                                    Parts List                                                      PAGE   1
10:53:16                                                 WinSystems, Inc.
BEGINNING RANGE: SAT-V41PA-8-0                                                                      ENDING RANGE: SAT-V41PA-8-0
====================================================================================================================================
                            ITEM                             BOM                                             OVHD  ITEM       QTY
LEVEL ITEM KEY              DESCRIPTION                      DESCRIPTION                              LOC     KEY  TYPE    REQUIRED
====================================================================================================================================

    1 SAT-V41PA-8-0         V40 SBC, 8 MHZ WITH PC BIOS & 12 BIT A/D                                                             1
    2   999-9999-001        SPECIAL NOTES                    03-28-96 MEB (NEW)                       ARLIN         Inv          1
    2   0242-101-0000       ASSY SAT-V41PA-8 MHZ REV.D W/ANA                                          ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    12-04-96 MEB ECO 96-95                   ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    03-28-96 MEB (NEW)                       ARLIN         Inv          1
    3   >110-0011-003       CAP .1uF 50v 20% CER RAD .1      C1-C5,C8,C9,C12-C14,C16,C17,C19,C20,     ARLIN         Inv         33
    3   >999-9999-001       SPECIAL NOTES                    C23-C37,C41-C43,C45                      ARLIN         Inv          1
    3   >110-0012-003       CAP 1uF 50v 20% CER RAD .2       C6,C7,C10,C11,C46-C49                    ARLIN         Inv          8
    3   >110-0014-005       CAP 10uF 25v 10% TAN RAD .1      C15                                      ARLIN         Inv          1
    3   >110-0036-003       CAP .01uF 50v 20% CER .2 (4500)  C44                                      ARLIN         Inv          1
    3   >110-0044-005       CAP 22uF 10v 10% TAN RAD .1      C38                                      ARLIN         Inv          1
    3   >114-0102-450       RESISTOR 1K 1/4 5%               R18-R21,R23                              ARLIN         Inv          5
    3   >114-0103-450       RESISTOR 10K 1/4 5%, CR25 10k 5% R16,R24-26                               ARLIN         Inv          4
    3   >114-0331-450       RESISTOR 330 OHM 1/4 5%          R22                                      ARLIN         Inv          1
    3   >114-0471-450       RESISTOR 470 OHM 1/4 5%          R15                                      ARLIN         Inv          1
    3   >114-0472-450       RESISTOR CF 4.7K 1/4W 5%         R27,R28                                  ARLIN         Inv          2
    3   >115-0103-050       RN SIP 6P-5 RES 10K (BKMN)L061S1 RP4,RP5,RP11                             ARLIN         Inv          3
    3   >117-0103-050       RN SIP 10P-9 RES 10K L101S103 (B RP1-RP3,RP6-RP8,RP10                     ARLIN         Inv          7
    3   >116-0103-050       RN SIP 8P-7 RES 10K (BI)L8-1S-10 RP9                                      ARLIN         Inv          1
    3   >124-0016-000       LED RED RECTANGLE L-153HDT (KNGB D1                                       ARLIN         Inv          1
    3   >124-0004-000       DIODE 1N4148                     D3,D4                                    ARLIN         Inv          2
    3   >125-0003-000       TRANSISTOR VN2222LL (TO92)/ VN10 Q1-Q3                                    ARLIN         Inv          3
    3   >125-0001-000       TRANSISTOR PN2222 (TO92)         Q4,Q5                                    ARLIN         Inv          2
    3   >200-0064-000       SOCKET 64 POS QPHF2-64-020-1W (P J8                                       ARLIN         Inv          1
    3   >200-0083-100       SOCKET 8 PIN ICO-083-S8A-T (4488 U3-U6                                    ARLIN         Inv          4
    3   >200-0163-100       SOCKET 16 PIN ICO-163-S8A-T (220 U2                                       ARLIN         Inv          1
    3   >200-0243-100       SOCKET 24 P .3 ICO-243-S8A-T (14 U15,U24,U35,U36                          ARLIN         Inv          4
    3   >200-0326-100       SOCKET 32 P .6 ICO-326-S8A-T (72 U17,U21,U23,U25                          ARLIN         Inv          4
    3   >200-0406-100       SOCKET 40 P .6 ICO-406-S8A-T (60 U16                                      ARLIN         Inv          1
    3   >201-0008-601       HDR 8 POS MOLEX 22-11-2082       J7                                       ARLIN         Inv          1
    3   >201-0010-121       HDR 2X5 RA PRO IDH-10LP-SR3-TR/T J3,J5,J6                                 ARLIN         Inv          3
    3   >201-0026-121       HDR 26 P RA IDH-26LP-SR3-TG/TR ( J4                                       ARLIN         Inv          1
    3   >201-0036-010       HDR 1X36 UN TSW-136-07-G-S (SAM) J11,J25-J27,J30=1X2 J12,J14,J15,J17,     ARLIN         Inv       1.02
    3   >999-9999-001       SPECIAL NOTES                    J19-J21,J23,J24=1X3                      ARLIN         Inv          1
    3   >201-0050-021       HDR 2X25 ST PRO IDH50LP-S3-TG/TR J1                                       ARLIN         Inv          1
    3   >201-0072-120       HDR 2X36 UN TSW-136-07-G-D       J13,J28=2X2 J9,J10,J22,J31=2X3           ARLIN         Inv      1.027
    3   >999-9999-001       SPECIAL NOTES                    J16,J18,J29=2X7                          ARLIN         Inv          1
    3   >220-0056-000       XTAL R26-32.768KHz-6pF (RALTRON) X1 USE FOAM TAPE UNDER XTAL              ARLIN         Inv          1
    3   >220-0032-001       XTAL-14.31818 (ABRACON) ABL-14.3 Y2                                       ARLIN         Inv          1
    3   >220-0000-000       HC49 INSULATOR XTAL              PLACE UNDER Y2                           ARLIN         Inv          1
    3   >230-0068-150       SOCKET PLCCE-068-S1-TT (16) (RN) U10,U33                                  ARLIN         Inv          2
    3   >730-0072-000       IC, DS1202                       U1                                       ARLIN         Inv          1
    3   >741-0004-200       IC, 74HC04                       U13                                      ARLIN         Inv          1
    3   >741-0032-200       IC, 74HC32                       U20                                      ARLIN         Inv          1
    3   >741-0075-200       IC, 74HC75                       U26                                      ARLIN         Inv          1
    3   >741-0125-200       IC, 74HC125                      U9                                       ARLIN         Inv          1
    3   >741-0244-200       IC, 74HC244                      U12,U19,U27,U28                          ARLIN         Inv          4
    3   >741-0273-200       IC, 74HC273                      U14                                      ARLIN         Inv          1
    3   >741-0374-200       IC, 74HC374                      U18                                      ARLIN         Inv          1
    3   >741-0373-200       IC, 74HC373                      U22                                      ARLIN         Inv          1
    3   >741-0688-200       IC, 74HC688                      U29                                      ARLIN         Inv          1
    3   >745-0245-200       IC, 74HCT245                     U30                                      ARLIN         Inv          1
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10:53:39                                                 WinSystems, Inc.
BEGINNING RANGE: SAT-V41PA-8-0                                                                      ENDING RANGE: SAT-V41PA-8-0
====================================================================================================================================
                            ITEM                             BOM                                             OVHD  ITEM       QTY
LEVEL ITEM KEY              DESCRIPTION                      DESCRIPTION                              LOC     KEY  TYPE    REQUIRED
====================================================================================================================================
    3   >999-9999-001       SPECIAL NOTES                    MASK HOLES FOR R1-R12                    ARLIN         Inv          1
    3   >730-0029-000       IC, MAX 690CPA (MAX690CPA ONLY)  U34                                      ARLIN         Inv          1
    3   >622-0001-002       IC, ICS2694 M-004 (31)           U32                                      ARLIN         Inv          1
    3   >400-0242-000D      PCB, SAT-V41 REV.D                                                        ARLIN         Inv          1
    3   >200-0203-100       SOCKET 20 PIN ICO-203-S8A-T (176 U7                                       ARLIN         Inv          1
    3   >201-0026-021       HDR 26 PIN ST IDH-26LP-S3-TG/TR  J2                                       ARLIN         Inv          1
    3   >124-0004-000       DIODE 1N4148                     D2                                       ARLIN         Inv          1
    3   >114-0514-450       RESISTOR 510K  1/4 W 5%          R17                                      ARLIN         Inv          1
    3   >114-0243-450       RESISTOR 24K 1/4 W 5%            R14                                      ARLIN         Inv          1
    3   >113-0104-102       POT 100K (BI) 64WR100K RJ26FW104 R13                                      ARLIN         Inv          1
    3   >110-0014-005       CAP 10uF 25v 10% TAN RAD .1      C18                                      ARLIN         Inv          1
    3   >110-0011-003       CAP .1uF 50v 20% CER RAD .1      C21,C22                                  ARLIN         Inv          2
    2   0242-401-0000       SUB ASSY SAT-V41A-8 MHZ REV.D                                             ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    10-29-98 MEB (-5S)                       ARLIN         Inv          1
    3   >111-0001-000       BAT 3V LI COIN CR2032-H04 (SONY) BT1                                      ARLIN         Inv          1
    3   >901-0012-000       IC, 27C512-15 CER EPROM          U25 CS=ABD9 BIOS                         ARLIN         Inv          1
    3   >743-0005-100       IC, MAX232CPE, SP232ACP, DS232A- U2                                       ARLIN         Inv          1
    3   >801-0045-200       IC, D70208L-8 V40 CPU CMOS (NEC) U33                                      ARLIN         Inv          1
    3   >730-0031-000       IC, SP238ACS, ADM238LJN, MAX238C U35,U36                                  ARLIN         Inv          2
    3   >801-0060-200       IC, ST16C452CJ68 (AT) (STARTECH) U10                                      ARLIN         Inv          1
    3   >901-0011-000       IC, PALC22V10-35PC (15,TI) (17,C U15 CS=B4F0                              ARLIN         Inv          2
    3   >999-9999-001       SPECIAL NOTES                    U24 CS=F78F                              ARLIN         Inv          1
    3   >801-0031-200       IC, uPD71055C PROG PAR INTERFACE U16                                      ARLIN         Inv          1
    3   >500-0027-002       INSULATOR SAT BATTERY PROTECT    * PUT IN OPEN BAG LOOSE UNTIL SHIPPING * ARLIN         Inv          1
    3   >201-0002-000       PLUG JUMPER 999-19-310-00        JUMPERS TO TEST 'PC' VERSION SAT-V40     ARLIN         Inv         29
    3   >999-9999-001       SPECIAL NOTES                    J14=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J15=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J16=1-3 2-4 5-6 11-12                    ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J17=2-3                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J18=1-2 4-6 5-7 9-11 12-14               ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J19=2-3                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J20=2-3                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J21=2-3                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J22=1-2 3-4                              ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J23=2-3                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J24=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J28=1-2 ***VERTICAL (LIKE J31)***        ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J29=1-2 5-6 13-14                        ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J30=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J31=1-2 3-4 5-6                          ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J9=OPEN                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J10=OPEN                                 ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J11=OPEN                                 ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J12=OPEN                                 ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J25=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J26=1-2                                  ARLIN         Inv          1
    3   >999-9999-001       SPECIAL NOTES                    J27=OPEN                                 ARLIN         Inv          1
    3   >730-0073-000       IC, MAX186DCPP {18}              U7                                       ARLIN         Inv          1
    2   910-0024-000        LABEL, STATIC SENSITIVE 130-02   LABEL, STATIC SENSITIVE 130-02           ARLIN         Inv          1
    2   950-0002-000        BAG PINK POLY 6X10 6 MIL 09-0610 BAG PINK POLY 6X10 6 MIL 09-0610         ARLIN         Inv          1
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5 APPENDIX C

SAT- V41 Parts Place ment Guide



This Page In ten tion ally Left Blank



6 APPENDIX D

NEC V40 Da tasheet Re print
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7 APPENDIX E

16C452 Da tasheet Re print
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EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 • (510) 668-7000 • FAX (510) 668-7017

ST16C452
ST16C452PS

PLCC Package

Rev. 3.10

DUAL UART WITH  PARALLEL
PRINTER PORT

DESCRIPTION

The ST16C452/ST16C452PS (452/452PS) is a dual universal asynchronous receiver and transmitter (UART)
with an added bi-directional parallel port that is directly compatible with a CENTRONICS type printer. The parallel
port is designed such that the user can configure it as general purpose I/O interface, or for connection to other
printer devices. The 452/452PS provides enhanced UART functions, a modem control interface, and data rates
up to 1.5Mbps. Onboard status registers provide the user with error indications and operational status. The system
interrupts and control may be tailored to meet user requirements. An internal loop-back capability allows onboard
diagnostics. A programmable baud rate generator is provided to select transmit and receive clock rates from 50
bps to 1.5 Mbps. The 452/452PS is available in a 68 pin PLCC package. The 452/452PS is compatible with the
16C450. The 452 is available in two versions, the ST16C452 and the ST16C452PS. The ST16C452 provides
single hardware pin to control the printer port data direction  while the 452PS provides an additionally software
control bit to control the printer port data direction to become compatible PS/2 operating system.
The 452/452PS is fabricated in an advanced CMOS process with low power consumption.

FEATURES

• Pin to pin and functional compatible to TL16C452
• Software compatible with ST16C450, NS16C450
• 1.5 Mbps transmit/receive operation (24MHz)
• Independent  transmit and receive control
• Modem and printer status registers
• UART port and printer port Bi-directional
• Printer port direction set by single control bit or 8 bit

pattern (AA/55)
• Modem control signals (-CTS, -RTS, -DSR, -DTR,

-RI, -CD)
• Programmable character lengths (5, 6, 7, 8)
• Even, odd, or no parity bit generation and detection
• Internal loop-back diagnostics
• TTL compatible inputs, outputs
• Low Power

ORDERING INFORMATION

Part number Pin Package Operating  temperature
ST16C452CJ68 68 PLCC 0° C  to + 70° C
ST16C452CJ68PS 68 PLCC 0° C  to + 70° C
ST16C452IJ68 68 PLCC -40° C  to + 85° C
ST16C452IJ68PS 68 PLCC -40° C  to + 85° C
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Figure 1, Block Diagram
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

A0 35 I Address-0 Select Bit - Internal registers address selection.

A1 34 I Address-1 Select Bit - Internal registers address selection.

A2 33 I Address-2 Select Bit - Internal registers address selection.

-ACK 68 I Acknowledge (with internal pull-up) - General  purpose input
or line printer acknowledge (active low). a logic 0 from the
printer, indicates successful data transfer to the print buffer.

-AutoFDXT 56 I/O General purpose I/O (open drain, with internal pull-up) or
automatic line feed (open drain input with internal pull-up).
When this signal is low the printer should automatically line
feed after each line is printed.

BIDEN 1 I Bi-Direction Enable - PD7-PD0 direction select. A logic 0
sets the parallel port for I/O Select Register Control. A logic
1 sets the parallel port for Control Register Bit-5 Control.

BUSY 66 I Busy (with internal pull-up) - General purpose input or line
printer busy (active high). can be used as an output from the
printer to indicate printer is not ready to accept data.

CLK 4 I Clock Input. - An external clock must be connected to this
pin to clock the baud rate generator and internal circuitry
(see Programmable Baud Rate Generator).

-CSA 32 I Chip Select A - A logic 0 at this pin enables the serial
channel-A UART registers for CPU data transfers.

-CSB 3 I Chip Select B - A logic 0 at this pin enables the serial
channel-B UART registers for CPU data transfers.

-CSP 38 I Printer Port Chip Select - (active low). A logic 0 at this pin
enables the parallel printer port registers and/or PD7-PD0
for external CPU data transfers.

D0-D7 14-21 I/O Data Bus (Bi-directional) - These pins are the eight bit, three
state data bus for transferring information to or from the
controlling CPU. D0 is the least significant bit and the first
data bit in a transmit or receive serial data stream.
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

-ERROR 63 I Error, Printer (with internal pull-up) - General purpose input
or line printer error. This pin may be connected to the active
low (logic 0) output of a printer to indicate an error condition.

GND 2,7,54 Pwr Signal and Power Ground.
27

INIT 57 I/O Initialize (open drain, with internal pull-up) - General pur-
pose I/O signal. This pin may be connected for initialization
service of a connected line printer. Generally when this
signal is a logic 0, any connected printer will be initialized.

INT A/B 45,60 O Interrupt output A/B ( three state active high) - These pins
provide individual channel interrupts, INT A-B. INT A-B are
enabled when MCR bit-3 is set to a logic 1, interrupts are
enabled in the interrupt enable register (IER), and when an
interrupt condition exists. Interrupt conditions include: re-
ceiver errors, available receiver buffer data, transmit buffer
empty, or when a modem status flag is detected.

-INTP 59 O Printer Interrupt,  - This pin can be used to signal the
interrupt status of a connected printer. This pin basically
tracks the -ACK input pin, When INTSEL is a logic 0 and
interrupts are enabled by bit-4 in the control register. A
latched mode can be selected by setting INTSEL to a logic
1. In this case the interrupt -INTP is generated normally but
does not return to the inactive state until the trailing edge of
the read cycle (-IOR pin). -INTP is three stated until CON
bit-4 is set to a logic 1.

INTSEL 43 I Interrupt Select mode - This pin selects the interrupt type for
the printer port (-INTP). When this pin is a logic 0, the
external -ACK signal state is generally followed, minus
some minor propagation delay. Making this pin a logic 1 or
connecting it to VCC will set the interrupt latched mode. In
this case the printer interrupt (-INTP) will not return to a logic
1 until the trailing edge of -IOR (end of the external CPU
read cycle).

-IOR 37 I Read strobe.- A logic 0 transition on this pin will place the
contents of an Internal register defined by address bits A0-
A2 for either UART channels A/B or A0-A1 for the printer
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SYMBOL DESCRIPTION

Symbol Pin Signal Type Pin Description

port, onto D0-D7 data bus for a read cycle by an external
CPU.

-IOW 36 I Write strobe.- A logic 0 transition on this pin will transfer the
data on the internal data bus (D0-D7), as defined by either
address bits A0-A2 for UART channels A/B or A0-A1 for the
printer port, into an internal register during a write cycle from
an external CPU.

PD7-PD0 46-53 I/O Printer Data port (Bi-directional three state) - These pins are
the eight bit, three state data bus for transferring information
to or from an external device (usually a printer). D0 is the
least significant bit. PD7-PD0 are latched during a write
cycle (output mode).

PE 67 I Paper Empty - General purpose input or line printer paper
empty (Internal pull-up). This pin can be connected to
provide a printer out of paper indication.

RDOUT 44 O Read Out (active high) - This pin goes to a logic 1 when the
external CPU is reading data from the 452/452PS. This
signal can be used to enable/disable external transceivers
or other logic functions.

-RESET 39 I Master Reset (active low) - a logic 0 on this pin will reset the
internal registers and all the outputs. The UART transmitter
output and the receiver input will be disabled during reset
time. (See ST16C452/452PS External Reset Conditions for
initialization details.)

N.C. 9,61 Not Used. Should be left open.

SLCT 65 I Select (with internal pull-up) - General purpose input or line
printer select status. Normally this pin is connected to a
printer output (active low) that indicates the ready status of
a printer, i.e., on-line and/or on-line and ready.

-SLCTIN 58 I/O Select In (open drain, with internal pull-up) - General
purpose I/O or line printer select. This pin can be read via
Bit-3 in the printer command register, or written via bit-3 in
the printer control register. As this pin is open-drain, it can
be wire-or�d with other outputs. Normally this signal is
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Symbol Pin Signal Type Pin Description

connected with a printer to select the printer with an active
low.

-STROBE 55 I/O Strobe (open drain, with internal pull-up) - General purpose
I/O or data strobe output. Normally this output is connected
to a printer and indicates that valid data is available at the
printer port (PD0-PD7).

N.C. 22,42 Not Used. Should be left open.

VCC 23,40,64 Pwr Power supply input.

-CD A/B 29,8 I Carrier Detect (active low) - These inputs are associated
with individual UART channels A through B. A logic 0 on this
pin indicates that a carrier has been detected by the modem
for that channel.

-CTS A/B 28,13 I Clear to Send (active low) - These inputs are associated with
individual UART channels, A through B. A logic 0 on this
pin(s) indicates the modem or data set is ready to accept
transmit data from the 452/452PS for the given channel.
Status can be tested by reading MSR bit-4 for that
channel(s). -CTS has no effect on the transmit or receive
operation.

-DSR A/B 31,5 I Data Set Ready (active low) - These inputs are associated
with individual UART channels, A through B. A logic 0 on
this pin(s) indicates the modem or data set is powered-on
and is ready for data exchange with the UART. This pin has
no effect on the UART�s transmit or receive operation.

-DTR A/B 25,11 O Data Terminal Ready (active low) - These outputs are
associated with individual UART channels, A through B. A
logic 0 on this pin(s) indicates that the 452/452PS is
powered-on and ready. This pin can be controlled via the
modem control register for channel(s) A-B. Writing a logic
1 to MCR bit-0 will set the -DTR output to logic 0, enabling
the modem. This pin will be a logic 1 after writing a logic 0
to MCR bit-0, or after a reset. This pin has no effect on the
UART�s transmit or receive operation.

SYMBOL DESCRIPTION
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Symbol Pin Signal Type Pin Description

-RI A/B 30,6 I Ring Indicator (active low) - These inputs are associated
with individual UART channels, A through B. A logic 0 on
this pin(s) indicates the modem has received a ringing
signal from the telephone line(s). A logic 1 transition on this
input pin will generate an interrupt for the ringing channel(s).
This pin does not have any effect on the transmit or receive
operation.

-RTS A/B 24,12 O Request to Send (active low) - These outputs are associated
with individual UART channels, A through B. A logic 0 on the
-RTS pin(s) indicates the transmitter has data ready and
waiting to send for the given channel(s). Writing a logic 1 in
the modem control register (MCR bit-1) will set this pin to a
logic 0 indicating data is available. After a reset this pin will
be set to a logic 1. This pin does not have any effect on the
transmit or receive operation.

RX A/B 41,62 I Receive Data Input, RX A-B. - These inputs are associated
with individual serial channel(s) to the 452. The RX signal
will be a logic 1 during reset, idle (no data), or when the
transmitter is disabled. During the local loop-back mode,
the RX input pins are disabled and TX data is internally
connected to the UART RX Inputs, internally.

TX A/B 26,10 O Transmit Data, TX A-B - These outputs are associated with
individual serial transmit channel(s) from the 452/452PS.
The TX signal will be a logic 1 during reset, idle (no data),
or when the transmitter is disabled. During the local loop-
back mode, the TX output pins are disabled and TX data is
internally connected to the UART RX Inputs.

SYMBOL DESCRIPTION
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GENERAL DESCRIPTION

The 452/452PS provides serial asynchronous receive
data synchronization, parallel-to-serial and serial-to-
parallel data conversions for both the transmitter and
receiver sections. These functions are necessary for
converting the serial data stream into parallel data that
is required with digital data systems. Synchronization
for the serial data stream is accomplished by adding
start and stops bits to the transmit data to form a data
character (character orientated protocol). Data integ-
rity is insured by attaching a parity bit to the data
character. The parity bit is checked by the receiver for
any transmission bit errors. The electronic circuitry to
provide all these functions is fairly complex especially
when manufactured on a single integrated silicon
chip. The 452/452PS represents such an integration
with greatly enhanced features. The 452/452PS is
fabricated with an advanced CMOS process.

The 452/452PS combines the package functions of a
dual UART and a printer interface on a single inte-
grated chip. The 452/452PS UART is indented to be
software compatible with the ST16C450, and
NS16C450 while the bi-directional printer interface
mode is intended to operate with a CENTRONICS
type parallel printer. However, the printer interface is
designed such that it may be configured to operate
with other parallel printer interfaces or used as a
general purpose parallel interface. The 452 is avail-
able in two versions, the ST16C452 and the
ST16C452PS. The ST16C452 provides single hard-
ware pin to control the printer port data direction  while
the 452PS provides an additionally software control
bit to control the printer port data direction to become
compatible PS/2 operating system.

The 452/452PS is capable of operation to 1.5Mbps
with a 24 MHz external clock input. With an external
clock input of 1.8432 MHz the user can select data
rates up to 115.2 Kbps.

FUNCTIONAL DESCRIPTIONS

Functional Modes

Two functional user modes are selectable for the 452/
452PS package. The first of these provides the dual
UART functions, while the other provides the func-
tions of a parallel printer interface. These features are
available through selection at the package interface
select pins.

UART A-B Functions
The UART mode provides the user with the capability
to transfer information between an external CPU and
the 452/452PS package. A logic 0 on chip select pins
-CSA or -CSB allows the user to configure, send data,
and/or receive data via the UART channels A-B.

Printer Port Functions
The Printer mode provides the user with the capability
to transfer information between an external CPU and
the 452/452PS parallel printer port. A logic 0 on chip
select pin -CSP allows the user to configure, send
data, and/or receive data via the bi-directional parallel
8-bit data bus, PD0-PD7.

Internal Registers

The 452/452PS provides 11 internal registers for
monitoring and control of the UART functions and
another 6 registers for monitoring and controlling the
printer port. These resisters are shown in Table 4
below. The UART registers function as data holding
registers (THR/RHR), interrupt status and control
registers (IER/ISR), line status and control registers
(LCR/LSR), modem status and control registers
(MCR/MSR), programmable data rate (clock) control
registers (DLL/DLM), and a user assessable
scratchpad register (SPR). The  printer port registers
functions data holding registers (PR), I/O status regis-
ter (SR), I/O select register (IOSEL), and a command
and control register (COM/CON). Register functions
are more fully described in the following paragraphs.
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Table 4, INTERNAL REGISTER DECODE

A2 A1 A0 READ MODE WRITE MODE

General Register Set (THR/RHR, IER/ISR, MCR/MSR, LCR/LSR, SPR): Note 1*

0 0 0 Receive Holding Register Transmit Holding Register
0 0 1 Interrupt Enable Register
0 1 0 Interrupt Status Register
0 1 1 Line Control Register
1 0 0 Modem Control Register
1 0 1 Line Status Register
1 1 0 Modem Status Register
1 1 1 Scratchpad Register Scratchpad Register

Baud Rate Register Set (DLL/DLM): Note *2

0 0 0 LSB of Divisor Latch LSB of Divisor Latch
0 0 1 MSB of Divisor Latch MSB of Divisor Latch

Printer Port Set (PR/SR/IOSEL/COM/CON): Note *3

X 0 0 PORT REGISTER PORT REGISTER
X 0 1 STATUS REGISTER I/O SELECT REGISTER
X 1 0 COMMAND REGISTER CONTROL REGISTER

Note 1* The General Register set is accessible only when CS A or CS B is a logic 0.
Note 2* The Baud Rate register set is accessible only when CS A or CS B is a logic 0 and LCR bit-7 is a logic 1.
Note 3*:  Printer Port Register set is accessible only when -CSP is a logic 0 in conjunction with the states of the
interface signal BIDEN and Printer Control Register bit-5 or IOSEL register.

Programmable Baud Rate Generator

The 452/452PS supports high speed modem tech-
nologies that have increased input data rates by
employing data compression schemes. For example
a 33.6Kbps modem that employs data compression
may require a 115.2Kbps input data rate. A 128.0Kbps
ISDN modem that supports data compression may
need an input data rate of 460.8Kbps. The 452/452PS
can support a standard data rate of 921.6Kbps.

Single baud rate generator is provided for the trans-
mitter and receiver, allowing independent TX/RX
channel control. The programmable Baud Rate Gen-
erator is capable of accepting an input clock up to 24
MHz, as required for supporting a 1.5Mbps data rate.
The 452/452PS requires that an external clock source
be connected to the CLK input pin to clock the internal
baud rate generator for standard or custom rates. (see
Baud Rate Generator Programming below).
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The generator divides the input 16X clock by any
divisor from 1 to 216 -1. The 452/452PS divides the
basic external clock by 16. The basic 16X clock
provides table rates to support standard and custom
applications using the same system design. The rate
table is configured via the DLL and DLM internal
register functions. Customized Baud Rates can be
achieved by selecting the proper divisor values for the

MSB and LSB sections of baud rate generator.

Programming the Baud Rate Generator Registers
DLM (MSB) and DLL (LSB) provides a user capability
for selecting the desired final baud rate. The example
in Table 5 below, shows the selectable baud rate table
available when using a 1.8432 MHz external clock
input.

Table 5, BAUD RATE GENERATOR PROGRAMMING TABLE (1.8432 MHz CLOCK):

Output Output User DLM DLL
Baud Rate 16 x Clock 16 x Clock Program Program

Divisor Divisor Value Value
 (Decimal) (HEX) (HEX) (HEX)

50 2304 900 09 00
110 1047 417 04 17
150 768 300 03 00
300 384 180 01 80
600 192 C0 00 C0
1200 96 60 00 60
2400 48 30 00 30
4800 24 18 00 18
7200 16 10 00 10
9600 12 0C 00 0C
19.2k 6 06 00 06
38.4k 3 03 00 03
57.6k 2 02 00 02
115.2k 1 01 00 01

Loop-back Mode

The internal loop-back capability allows onboard diag-
nostics. In the loop-back mode the normal modem
interface pins are disconnected and reconfigured for
loop-back internally. MCR register bits 0-3 are used
for controlling loop-back diagnostic testing. In the
loop-back mode INT enable and MCR bit-2 in the MCR
register (bits 2,3) control the modem -RI and -CD
inputs respectively. MCR signals -DTR and -RTS (bits
0-1) are used to control the modem -CTS and -DSR
inputs respectively. The transmitter output (TX) and

the receiver input (RX) are disconnected from their
associated interface pins, and instead are connected
together internally (See Figure 6). The -CTS, -DSR, -
CD, and -RI are disconnected from their normal
modem control inputs pins, and instead are connected
internally to -DTR, -RTS, INT enable and MCR bit-2.
Loop-back test data is entered into the transmit hold-
ing register via the user data bus interface, D0-D7.
The transmit UART serializes the data and passes the
serial data to the receive UART via the internal loop-
back connection. The receive UART converts the
serial data back into parallel data that is then made
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available at the user data interface, D0-D7. The user
optionally compares the received data to the initial
transmitted data for verifying error free operation of
the UART TX/RX circuits.

In this mode, the receiver and transmitter interrupts

are fully operational. The Modem Control Interrupts
are also operational. However, the interrupts can only
be read using lower four bits of the Modem Control
Register (MCR bits 0-3) instead of the four Modem
Status Register bits 4-7. The interrupts are still con-
trolled by the IER.

Figure 6, INTERNAL LOOP-BACK MODE DIAGRAM
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or output functions. The signals have internal pull-up
resistors and can be wire-or�d. Normally, -STROBE is
used to strobe PD0-PD7 bus data into a printer input
buffer. -SLCTIN normally selects the printer while
AutoFDXT signals the printer to auto-linefeed. Other
signals provide similar printer functions but are not bi-
directional. The printer functions for these signals are
described in table 1, Symbol Description.

The interface provides a mode steering signal called
BIDEN. BIDEN controls the bi-directional 8-bit data
bus (PD0-PD7) direction, input or output. When
BIDEN is a logic 1 a single control bit (D5) in the control
register sets the input or output mode. Setting BIDEN
to a logic 0 however sets an IBM interface compatible
mode. In this mode the bus direction (input/output) is
set by eight data bits in the IOSEL register. An AA
(Hex) pattern sets the input mode while a 55 (hex)
pattern sets the output mode. I/O direction is depicted
in Table 6 below.

Printer Port

The 452/452PS contains a general purpose 8-bit
parallel interface port that is designed to directly
interface with a CENTRONICS Printer. A number of
the control/interrupt signals and the 8-bit data bus
have been designed as bi-directional data buses. This
allows the interface to function with other device
parallel data bus applications. Signal -ACK is used to
generate an -INTP interface interrupt that would nor-
mally be connected to the user CPU. -INTP can be
made to follow the -ACK signal, normal mode (see
Figure 7) or it can be configured for the latch mode. In
the latch mode the interrupt is not cleared until printer
status register (SR) is read. Another signal (INIT) can
be made to function as an outgoing or incoming
interrupt, or combined with other interrupts to provide
a common wire-or interrupt output. Interface signals -
STROBE, -AutoFDXT, and -SLCTIN are bi-direc-
tional and can be used as combinations of input and/

Table 6, PD0-PD7 I/O DIRECTION MODE SELECTION

PORT DIRECTION BIDEN CONTROL REGISTER (D5) I/O SELECT REGISTER

Input mode 0 X (Note 4) AA Hex
Output mode 0 X (Note 4) 55 Hex
Output mode 1 0 X (Note 4)

Input mode 1 1 X (Note 4)

Note: 4 = don�t care



13

ST16C452/452PS

Rev. 3.10

REGISTER FUNCTIONAL DESCRIPTIONS

The following table delineates the assigned bit functions for the eighteen 452/452PS internal registers. The
assigned bit functions are more fully defined in the following paragraphs.

Table 7, ST16C452/452PS INTERNAL REGISTERS

A2 A1 A0 Register BIT-7 BIT-6 BIT-5 BIT-4 BIT-3 BIT-2 BIT-1 BIT-0
[Default]
Note 5*

General Register Set:  Note 1*

0 0 0 RHR [XX] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

0 0 0 THR [XX] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

0 0 1 IER [00] 0 0 0 0 Modem Receive Transmit Receive
Status Line Holding Holding

Interrupt Status Register Register
interrupt interrupt

0 1 0 ISR [01] 0 0 0 0 INT INT INT INT
priority priority priority status
bit-2 bit-1 bit-0

0 1 1 LCR [00] divisor set set even parity stop word word
latch break parity parity enable bits length length

enable bit-1 bit-0

1 0 0 MCR [00] 0 0 0 loop INT A/B [X] -RTS -DTR
back enable

1 0 1 LSR [60] 0 THR & THR. break framing parity overrun receive
TSR empty interrupt error error error data

empty ready

1 1 0 MSR [X0] CD RI DSR CTS delta delta delta delta
-CD -RI -DSR -CTS

1 1 1 SPR [FF] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

Special Register Set:  Note *2

0 0 0 DLL [XX] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

0 0 1 DLM [XX] bit-15 bit-14 bit-13 bit-12 bit-11 bit-10 bit-9 bit-8
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A2 A1 A0 Register BIT-7 BIT-6 BIT-5 BIT-4 BIT-3 BIT-2 BIT-1 BIT-0
[Default]
Note 5*

Printer Port Register Set:  Note 3*

[X] 0 0 PR[00] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

[X] 0 0 PR[00] bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

[X] 0 1 SR[4F] -Busy -ACK PE SLCT Error -IRQ logic logic
State �1� �1�

[X] 0 1 IOSEL bit-7 bit-6 bit-5 bit-4 bit-3 bit-2 bit-1 bit-0

[X] 1 0 COM[E0] logic logic logic -INTP -SLCTIN INIT -Auto -STROBE
�1� �1� �1� Enable FDXT

[X] 1 0 CON[00] [X] [X] PD 0-7 -INTP -SLCTIN INIT -Auto -STROBE
IN/OUT Enable FDXT

Note 1* The General Register set is accessible only when CS A or CS B is a logic 0.
Note 2* The Baud Rate register set is accessible only when CS A or CS B is a logic 0 and LCR bit-7 is a logic 1.
Note 3*:  Printer Port Register set is accessible only when -CSP is a logic 0 in conjunction with the states of the
interface signal BIDEN and Printer Control Register bit-5 or IOSEL register.
Note 5*  The value between the square brackets represents the register�s initialized HEX value, X = N/A.

UART REGISTER DESCRIPTIONS

Transmit (THR) and Receive (RHR) Holding Reg-
isters

The serial transmitter section consists of an 8-bit
Transmit Hold Register (THR) and Transmit Shift
Register (TSR). The status of the THR is provided in
the Line Status Register (LSR). Writing to the THR
transfers the contents of the data bus (D7-D0) to the
THR, providing that the THR or TSR is empty. The
THR empty flag in the LSR register will be set to a logic
1 when the transmitter is empty or when data is
transferred to the TSR. Note that a write operation can
be performed when the transmit holding register
empty flag is set (logic 0 = Buffer full).

The serial receive section also contains an 8-bit
Receive Holding Register, RHR. Receive data is
removed from the 452/452PS by reading the RHR
register. The receive section provides a mechanism to
prevent false starts. On the falling edge of a start or
false start bit, an internal receiver counter starts
counting clocks at the 16x clock rate. After 7 1/2 clocks
the start bit time should be shifted to the center of the
start bit. At this time the start bit is sampled and if it is
still a logic 0 it is validated. Evaluating the start bit in
this manner prevents the receiver from assembling a
false character. Receiver status codes will be posted
in the LSR.
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IER BIT-3:
Logic 0 = Disable the modem status register interrupt.
(normal default condition)
Logic 1 = Enable the modem status register interrupt.

IER BIT 4-7:
Not Used - initialized to a logic 0.

Interrupt Status Register (ISR)

The 452/452PS provides four levels of prioritized
interrupts to minimize external software interaction.
The Interrupt Status Register (ISR) provides the user
with four interrupt status bits. Performing a read cycle
on the ISR will provide the user with the highest
pending interrupt level to be serviced. No other inter-
rupts are acknowledged until the pending interrupt is
serviced. Whenever the interrupt status register is
read, the interrupt status is cleared. However it should
be noted that only the current pending interrupt is
cleared by the read. A lower level interrupt may be
seen after rereading the interrupt status bits. The
Interrupt Source Table 8 (below) shows the data
values (bits 0-3) for the four prioritized interrupt levels
and the interrupt sources associated with each of
these interrupt levels:

Interrupt Enable Register (IER)

The Interrupt Enable Register (IER) masks the inter-
rupts from receiver ready, transmitter empty, line
status and modem status registers. These interrupts
would normally be seen on the INT A,B output pins.

IER BIT-0:
This interrupt will be issued when the RHR is full or is
cleared when the RHR is empty.
Logic 0 = Disable the receiver ready interrupt. (normal
default condition)
Logic 1 = Enable the receiver ready interrupt.

IER BIT-1:
This interrupt will be issued whenever the THR is
empty and is associated with bit-1 in the LSR register.
Logic 0 = Disable the transmitter empty interrupt.
(normal default condition)
Logic 1 = Enable the transmitter empty interrupt.

IER BIT-2:
This interrupt will be issued whenever a fully as-
sembled receive character is transferred from the
RSR to the RHR, i.e., data ready, LSR bit-0.
Logic 0 = Disable the receiver line status interrupt.
(normal default condition)
Logic 1 = Enable the receiver line status interrupt.

Table 8, INTERRUPT SOURCE TABLE

Priority [ISR BITS]
Level Bit-3 Bit-2 Bit-1 Bit-0 Source of the interrupt

1 0 1 1 0 LSR (Receiver Line Status Register)
2 0 1 0 0 RXRDY (Received Data Ready)
3 0 0 1 0 TXRDY (Transmitter Holding Register Empty)
4 0 0 0 0 MSR (Modem Status Register)
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ISR BIT-0:
Logic 0 = An interrupt is pending and the ISR contents
may be used as a pointer to the appropriate interrupt
service routine.
Logic 1 = No interrupt pending. (normal default condi-
tion)

ISR BIT 1-3: (logic 0 or cleared is the default condition)
These bits indicate the source for a pending interrupt
at interrupt priority levels 1, 2, and 3 (See Interrupt
Source Table).

ISR BIT 4-7: (logic 0 or cleared is the default condition)
Not Used - initialized to a logic 0.

Line Control Register (LCR)

The Line Control Register is used to specify the
asynchronous data communication format. The word
length, the number of stop bits, and the parity are
selected by writing the appropriate bits in this register.

LCR BIT 0-1: (logic 0 or cleared is the default condi-
tion)
These two bits specify the word length to be transmit-
ted or received.

BIT-1 BIT-0 Word length

0 0 5
0 1 6
1 0 7
1 1 8

LCR BIT-2: (logic 0 or cleared is the default condition)
The length of stop bit is specified by this bit in
conjunction with the programmed word length.

BIT-2 Word length Stop bit
length

(Bit time(s))

0 5,6,7,8 1
1 5 1-1/2
1 6,7,8 2

LCR BIT-3:
Parity or no parity can be selected via this bit.
Logic 0 = No parity. (normal default condition)
Logic 1 = A parity bit is generated during the transmis-
sion, receiver checks the data and parity for transmis-
sion errors.

LCR BIT-4:
If the parity bit is enabled with LCR bit-3 set to a logic
1, LCR BIT-4 selects the even or odd parity format.
Logic 0 = ODD Parity is generated by forcing an odd
number of logic 1�s in the transmitted data. The
receiver must be programmed to check the same
format. (normal default condition)
Logic 1 = EVEN Parity is generated by forcing an even
the number of logic 1�s in the transmitted. The receiver
must be programmed to check the same format.

LCR BIT-5:
If the parity bit is enabled, LCR BIT-5 selects the
forced parity format.
LCR BIT-5 = logic 0, parity is not forced. (normal
default condition)
LCR BIT-5 = logic 1 and LCR BIT-4 = logic 0, parity bit
is forced to a logical 1 for the transmit and receive
data.
LCR BIT-5 = logic 1 and LCR BIT-4 = logic 1, parity bit
is forced to a logical 0 for the transmit and receive
data.
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LCR LCR LCR Parity selection
Bit-5 Bit-4 Bit-3

X X 0 No parity
0 0 1 Odd parity
0 1 1 Even parity
1 0 1 Force parity odd parity
1 1 1 Forced even parity

LCR BIT-6:
When enabled the Break control bit causes a break
condition to be transmitted (the TX output is forced to
a logic 0 state). This condition exists until disabled by
setting LCR bit-6 to a logic 0.
Logic 0 = No TX break condition. (normal default
condition)
Logic 1 = Forces the transmitter output (TX) to a logic
0 for alerting the remote receiver to a line break
condition.

LCR BIT-7:
The internal baud rate counter latch and Enhance
Feature mode enable.
Logic 0 = Divisor latch disabled. (normal default
condition)
Logic 1 = Divisor latch and enhanced feature register
enabled.

Modem Control Register (MCR)

This register controls the interface with the modem or
a peripheral device.

MCR BIT-0:
Logic 0 = Force -DTR output to a logic 1. (normal
default condition)
Logic 1 = Force -DTR output to a logic 0.

MCR BIT-1:
Logic 0 = Force -RTS output to a logic 1. (normal
default condition)
Logic 1 = Force -RTS output to a logic 0.

MCR BIT-2:
This bit is used in the Loop-back mode only. In the

loop-back mode this bit is use to write the state of the
modem -RI interface signal.

MCR BIT-3:  (Used to control the modem -CD signal
in the loop-back mode.)
Logic 0 = Forces INT (A-B) outputs to the three state
mode. (normal default condition) In the Loop-back
mode, sets -CD internally to a logic 1.
Logic 1 = Forces the INT (A-B) outputs to the active
mode. In the Loop-back mode, sets -CD internally to
a logic 0.

MCR BIT-4:
Logic 0 = Disable loop-back mode. (normal default
condition)
Logic 1 = Enable local loop-back mode (diagnostics).

MCR BIT 5-7:
Not Used - initialized to a logic 0.

Line Status Register (LSR)

This register provides the status of data transfers
between. the 452/452PS and the CPU.

LSR BIT-0:
Logic 0 = No data in receive holding register. (normal
default condition)
Logic 1 = Data has been received and is saved in the
receive holding register.

LSR BIT-1:
Logic 0 = No overrun error. (normal default condition)
Logic 1 = Overrun error. A data overrun error occurred
in the receive shift register. This happens when addi-
tional data arrives while the RHR is full. In this case the
previous data in the shift register is overwritten. Note
that under this condition the data byte in the receive
shift register is not transferred into the RHR, therefore
the data in the RHR is not corrupted by the error.

LSR BIT-2:
Logic 0 = No parity error. (normal default condition)
Logic 1 = Parity error. The receive character does not
have correct parity information and is suspect.
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LSR BIT-3:
Logic 0 = No framing error. (normal default condition)
Logic 1 = Framing error. The receive character did not
have a valid stop bit(s).

LSR BIT-4:
Logic 0 = No break condition. (normal default condi-
tion)
Logic 1 = The receiver received a break signal (RX
was a logic 0 for one character frame time).

LSR BIT-5:
This bit indicates that the 452/452PS is ready to
accept new characters for transmission. This bit
causes the 452/452PS to issue an interrupt to the CPU
when the transmit holding register is empty and the
interrupt enable is set.

Logic 0 = Transmit holding register is not empty.
(normal default condition)
Logic 1 = Transmit holding register is empty. When
this bit is a logic 1, the CPU can load  new character
into the Transmit Holding Register for transmission.

LSR BIT-6:
Logic 0 = Transmitter holding and shift registers are
full.
Logic 1 = Transmitter holding and shift registers are
empty (normal default condition).

LSR BIT-7:
Not Used - initialized to a logic 0.

Modem Status Register (MSR)

This register provides the current state of the control
interface signals from the modem, or other peripheral
device that the 452/452PS is connected to. Four bits
of this register are used to indicate the changed
information. These bits are set to a logic 1 whenever
a control input from the modem changes state. These
bits are set to a logic 0 whenever the CPU reads this
register.

MSR BIT-0:
Logic 0 = No -CTS Change (normal default condition)
Logic 1 = The -CTS input to the 452/452PS has

changed state since the last time it was read. A
modem Status Interrupt will be generated.

MSR BIT-1:
Logic 0 = No -DSR Change. (normal default condition)
Logic 1 = The -DSR input to the 452/452PS has
changed state since the last time it was read. A
modem Status Interrupt will be generated.

MSR BIT-2:
Logic 0 = No -RI Change. (normal default condition)
Logic 1 = The -RI input to the 452/452PS has changed
from a logic 0 to a logic 1. A modem Status Interrupt
will be generated.

MSR BIT-3:
Logic 0 = No -CD Change. (normal default condition)
Logic 1 = Indicates that the -CD input to the has
changed state since the last time it was read. A
modem Status Interrupt will be generated.

MSR BIT-4:
Normally MSR bit-4 bit is the compliment of the -CTS
input. However in the loop-back mode, this bit is
equivalent to the RTS bit in the MCR register.

MSR BIT-5:
DSR (active high, logical 1). Normally this bit is the
compliment of the -DSR input. In the loop-back mode,
this bit is equivalent to the DTR bit in the MCR register.

MSR BIT-6:
RI (active high, logical 1). Normally this bit is the
compliment of the -RI input. In the loop-back mode
this bit is equivalent to MCR bit-2 in the MCR register.

MSR BIT-7:
CD (active high, logical 1). Normally this bit is the
compliment of the -CD input. In the loop-back mode
this bit is equivalent to MCR bit-3 in the MCR register.

Note: Whenever any MSR bit 0-3: is set to logic �1�, a
MODEM Status Interrupt will be generated.
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Scratchpad Register (SPR)

The ST16C452/452PS provides a temporary data
register to store 8 bits of user information.

PRINTER PORT REGISTER DESCRIPTIONS

Port Register (PR)
PR BIT 0-7:
Printer Data port (Bi-directional) - These pins are the
eight bit data bus for transferring information to or
from an external device (usually a printer). D0 is the
least significant bit. PD7-PD0 are latched during a
write cycle (output mode).

I/O Select Register (IOSEL)

This bit is used in conjunction with the state of BIDEN
to set the direction (input/output) of the PD7-PD0 data
bus. This register is used only when BIDEN is a logic
0.
Logic 55 (Hex) + BIDEN 0 = PD7-PD0 are set for
output mode
Logic AA (Hex) + BIDEN 0 = PD7-PD0 are set for input
mode

Status Register (SR)
This register provides the printer port input logical
states and the status of the interrupt -INTP based on
the condition of the -ACK printer port interface signal.
The logical state of these pins is dependent on exter-
nal interface signals.

SR BIT 1-0:
Not Used - initialized to a logic 1.

SR BIT-2:
Logic 0 = an interrupt is pending
When INTSEL is a logic 0, SR bit-2 basically tracks the
-ACK input interface pin (returns to a logic 1 when the
-ACK input returns to a logic 1). However when
INTSEL is a logic 1, the latched mode is selected, SR
bit-2 goes to a logic 0 with the -ACK input but does not
return to a logic 1 until the end of the read cycle, i.e.,
reading SR will set this bit to a logic 1.
Logic 1 = no interrupt is pending. (normal inactive
state)

SR BIT-3:
Logic 0 = -ERROR input is a logic 0.
Logic 1 = -ERROR input is a logic 1. (normal inactive
state)

SR BIT-4:
Logic 0 = SLCT input is a logic 0. (normal inactive
state)
Logic 1 = SLCT input is a logic 1.

SR BIT-5:
Logic 0 = PE input is a logic 0. (normal inactive state)
Logic 1 = PE input is a logic 1.

SR BIT-6:
Logic 0 = -ACK input is a logic 0.
Logic 1 = -ACK input is a logic 1. (normal inactive
state)

SR BIT-7:
Logic 0 = BUSY input is a logic 0
Logic 1 = BUSY input is a logic 1 (normal inactive
state)

Command Register (COM)

This register provides the printer port input logical
states and the status of the printer interrupt INIT,
which is based on the state of CON bit-1.

COM BIT-0:
-STROBE is a bi-directional signal with an open
source driver and internal pull-up so that it may be
wire-or�d with other outputs. COM bit-1 is used to read
status while CON bit 1 is used to set an output state.
If it is to function as an input, CON bit-1 shall be set to
a logic 1 first.
Logic 0 = -STROBE pin is a logic 1. (normal default
condition)
Logic 1 = -STROBE pin is a logic 0.

COM BIT-1:
-AutoFDXT is a bi-directional signal with an open
source driver and internal pull-up so that it may be
wire-or�d with other outputs. COM bit-1 is used to read
status while CON bit 1 is used to set an output state.
If it is to function as an input, CON bit-1 shall be set to
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a logic 1 first.
Logic 0 = -AutoFDXT pin is a logic 1. (normal default
condition)
1= -AutoFDXT pin is a logic 0.

COM BIT-2:
INIT is a bi-directional signal with an open source
driver and internal pull-up so that it may be wire-or�d
with other outputs. COM bit-2 is used to read status
while CON bit 2 is used to set an output state. If it is to
function as an input, CON bit-1 shall be set to a logic
1 first.
Logic 0 = INIT pin is a logic 0. (normal default
condition)
Logic 1 = INIT pin is a logic 1.

COM BIT-3:
-SLCTIN is a bi-directional signal with an open source
driver and internal pull-up so that it may be wire-or�d
with other outputs. COM bit-1 is used to read status
while CON bit 1 is used to set an output state. If it is to
function as an input, CON bit-1 shall be set to a logic
1 first.
Logic 0 = -SLCTIN pin is a logic 1 (normal default
condition)
Logic 1 = -SLCTIN pin is a logic 0

COM BIT-4:
This bit allows the state of -INTP to be read back by the
external CPU.
Logic 0 = Interrupt (-INTP output) is disabled (normal
default condition)
Logic 1 = Interrupt (-INTP output) is enabled

COM BIT 5-7:
Not Used - initialized to a logic 1.

Control Register (CON)

This register provides control of the printer port output
logical states and controls the printer interrupts INIT
and -INTP. With the exception of PD 0-7 IN/OUT, the
status of this register may be read by reading the COM
register.

CON BIT-0:
The -STROBE output control bit is under software
control, i.e., the hardware will not generate a strobe. It
is up to software to return the state of -STROBE to the
inactive (logic 1) state. The hardware driver is open
drain so that -STROBE may be wire-or�d. The state of
this bit can be read using COM bit-0.
Logic 0 = -STROBE output is set to a logic 1. (normal
default condition)
Logic 1 = -STROBE output is set to a logic 0.

CON BIT-1:
The -AutoFDXT output control bit is set by software
using CON bit-1. The hardware driver is open drain so
that -AutoFDXT may be wire-or�d. The state of this bit
can be read using COM bit-1.
Logic 0 = -AutoFDXT output is set to a logic 1. (normal
default condition)
Logic 1 = -AutoFDXT output is set to a logic 0.

CON BIT-2:
The INIT output control bit is set by software using
CON bit-2. The hardware driver is open drain so that
INIT may be wire-or�d. The state of this bit can be read
using COM bit-2.
Logic 0 = INIT output is set to a logic 0. (normal default
condition)
Logic 1 = INIT output is set to a logic 1.

CON BIT-3:
The -SLCTIN output control bit is set by software using
CON bit-3. The hardware driver is open drain so that
-AutoFDXT may be wire-or�d. The state of this bit can
be read using COM bit-3.
Logic 0 = -SLCTIN output is set to a logic 1. (normal
default condition)
Logic 1 = -SLCTIN output is set to a logic 0.

CON BIT-4:
This bit enables or masks the printer interrupt output
-INTP. The state of this bit can be read using COM bit-
4.
Logic 0 = Disable -INTP output. (normal default con-
dition)
Logic 1 = Enable -INTP output.
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CON BIT-5:
This bit is used in conjunction with the state of BIDEN
to set the direction (input/output) of the PD7-PD0 data
bus.
Logic 0 + BIDEN 1 = PD7-PD0 are set for output mode
(normal default condition)
Logic 1 + BIDEN 1 = PD7-PD0 are set for input mode

CON BIT 6-7:
Not Used - initialized to a logic 1.

ST16C452/452PS  EXTERNAL RESET  CONDI-
TION

REGISTERS RESET STATE
(UART)

IER BITS 0-7=0
ISR ISR BIT-0=1, ISR BITS 1-7=0
LCR LCR BITS 0-7=0
MCR MCR BITS 0-7=0
LSR LSR BITS 0-4=0,

LSR BITS 5-6=1 LSR, BIT 7=0
MSR MSR BITS 0-3=0,

MSR BITS 4-7=input signals

REGISTERS RESET STATE
Printer Port

IOSEL IOSEL BITS-0-7=0
SR SR BITS 0-1=1, BITS 2-7=input

signals
COM COM BITS 0-4=0, BITS 5-7=1
CON CON BITS 0-5=0, BITS 6-7=1

SIGNALS RESET STATE

TX A/B High
-RTS A/B High
-DTR A/B High
INT A/B, P Three state mode
PD0-PD7 Low, output mode
-STROBE High, output mode
-AutoFDXT High, output mode
INIT Low, output mode
-SLCTIN High, output mode
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Symbol Parameter Limits Limits Units Conditions
3.3 5.0

Min Max Min Max

T1w,T2w Clock pulse duration 17 17 ns
T3w Oscillator/Clock frequency 8 24 MHz
T6s Address setup time 5 0 ns
T7d -IOR delay from chip select 10 10 ns
T7w -IOR strobe width 35 25 ns
T7h Chip select hold time from -IOR 0 0 ns
T9d Read cycle delay 40 30 ns
T12d Delay from -IOR to data 35 25 ns
T12h Data disable time 25 15 ns
T13d -IOW delay from chip select 10 10 ns
T13w -IOW strobe width 40 25 ns
T13h Chip select hold time from -IOW 0 0 ns
T15d Write cycle delay 40 30 ns
T16s Data setup time 20 15 ns
T16h Data hold time 5 5 ns
T17d Delay from -IOW  to output 50 40 ns 100 pF load
T18d Delay to set interrupt from MODEM 40 35 ns 100 pF load

input
T19d Delay to reset interrupt from -IOR 40 35 ns 100 pF load
T20d Delay from stop to set interrupt 1 1 Rclk
T21d Delay from -IOR to reset interrupt 45 40 ns 100 pF load
T22d Delay from stop to interrupt 45 40 ns
T23d Delay from initial INT reset to transmit  8 24 8 24 Rclk

start
T24d Delay from -IOW  to reset interrupt 45 40 ns
T39w -ACK pulse width 75 75 ns
T40s PD7 - PD0 setup time 15 10 ns
T41h PD7 - PD0 hold time 30 25 ns
T42d Delay from -ACK low to interrupt low 10 5 ns
T43d Delay from -IOR to reset interrupt 10 5 ns
TR Reset pulse width 40 40 ns
N Baud rate devisor 1 216-1 1 216-1 Rclk

AC ELECTRICAL CHARACTERISTICS

T
A
=0° - 70°C (-40° - +85°C for Industrial grade packages),  Vcc=3.3 - 5.0 V ± 10% unless otherwise specified.
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Symbol Parameter Limits Limits Units Conditions
3.3 5.0

Min Max Min Max

VILCK Clock input low level -0.3 0.6 -0.5 0.6 V
VIHCK Clock input high level 2.4 VCC 3.0 VCC V
VIL Input low level -0.3 0.8 -0.5 0.8 V
VIH Input high level 2.0 2.2 VCC V
VOL Output low level on all outputs 0.4 V IOL= 4 mA
VOL Output low level on all outputs 0.4 V IOL= 4 mA
VOH Output high level 2.4 V IOH= -4 mA
VOH Output high level 2.0 V IOH= -1 mA
IIL Input leakage ±10 ±10 µA
ICL Clock leakage ±10 ±10 µA
ICC Avg power supply current 1.2 3 mA
CP Input capacitance 5 5 pF
RIN Internal pull-up resistance 9 22 kΩ

Note: See the Symbol Description Table, for a listing of pins having internal pull-up resistors.

ABSOLUTE MAXIMUM RATINGS

Supply range 7 Volts
Voltage at any pin GND - 0.3 V to VCC +0.3 V
Operating temperature -40° C to +85° C
Storage temperature -65° C to 150° C
Package dissipation 500 mW

DC ELECTRICAL CHARACTERISTICS

T
A
=0° - 70°C (-40° - +85°C for Industrial grade packages),  Vcc=3.3 - 5.0 V ± 10% unless otherwise specified.
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General write timing

General read timing

A0-A2

-CS

-IOW

D0-D7

T6s

T13wT13d T13h T15d

T16s T16h

X552-WD-1

Valid
Address

Active

Active

Data

A0-A2

-CS

-IOR

D0-D7

T6s

T7wT7d T7h T9d

T12d T12h

X552-RD-1

Active

Data

Valid
Address

Active
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External clock timing

Modem input/output timing

-IOW

-RTS
-DTR

-CD
-CTS
-DSR

INT

-IOR

-RI

T17d

T18d T18d

T19d

T18d

X552-MD-1

Active

Active

Change of state Change of state

Active Active Active

Change of state Change of state

Change of state

Active Active

T3w

T1wT2w

EXTERNAL
CLOCK

EX-CK-1
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Receive timing

STOP
BIT

PARITY
BIT

DATA BITS (5-8)

D0 D1 D2 D3 D4 D5 D6 D7

5 DATA BITS

6 DATA BITS

7 DATA BITS

START
BIT

RX

NEXT
DATA

START
BIT

INT

-IOR

T20d

T21d

16 BAUD RATE CLOCK X552-RX-1

Active

Active
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Transmit timing

STOP
BIT

PARITY
BIT

DATA BITS (5-8)

D0 D1 D2 D3 D4 D5 D6 D7

5 DATA BITS

6 DATA BITS

7 DATA BITS

START
BIT

TX

NEXT
DATA

START
BIT

INT

T22d

T24d

16 BAUD RATE CLOCK X552-TX-1

-IOW

T23d

Active

Active
Tx Ready

Active
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Printer port timing

-ACK

INTP

-IOR

INTERRUPT LATCHED MODE SELECTNORMAL MODE

INTSEL

T40d T42d

T43d

T39w

VALID DATA

T40s

T41h

PD0-PD7

X552-PR-2



Package Dimensions

68 LEAD PLASTIC LEADED CHIP CARRIER
(PLCC)
Rev. 1.00

1

D

D 1

D D1

D3

D2

A

A1

2 68

A 0.165 0.200 4.19 5.08

A1 0.090 0.130 2.29 3.30

A2 0.020 –––. 0.51 –––

B 0.013 0.021 0.33 0.53

B1 0.026 0.032 0.66 0.81

C 0.008 0.013 0.19 0.32

D 0.985 0.995 25.02 25.27

D1 0.950 0.958 24.13 24.33

D2 0.890 0.930 22.61 23.62

D3 0.800 typ. 20.32 typ.

e 0.050 BSC 1.27 BSC

H1 0.042 0.056 1.07 1.42

H2 0.042 0.048 1.07 1.22

R 0.025 0.045 0.64 1.14

SYMBOL MIN MAX MIN MAX

INCHES MILLIMETERS

B

A2

B1

e

Seating Plane

D3

Note:  The control dimension is the inch column

45° x H2
45° x H1

C

R



NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability.  EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement.  Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application.  While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness.  Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1994 EXAR Corporation
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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_______________General Description
The MAX186/MAX188 are 12-bit data-acquisition sys-
tems that combine an 8-channel multiplexer, high-band-
width track/hold, and serial interface together with high
conversion speed and ultra-low power consumption.
The devices operate with a single +5V supply or dual
±5V supplies. The analog inputs are software config-
urable for unipolar/bipolar and single-ended/differential
operation.

The 4-wire serial interface directly connects to SPI™,
QSPI™ and Microwire™ devices without external logic. A
serial strobe output allows direct connection to TMS320
family digital signal processors. The MAX186/MAX188
use either the internal clock or an external serial-interface
clock to perform successive-approximation A/D conver-
sions. The serial interface can operate beyond 4MHz
when the internal clock is used.

The MAX186 has an internal 4.096V reference while the
MAX188 requires an external reference. Both parts
have a reference-buffer amplifier that simplifies gain
trim .

The MAX186/MAX188 provide a hard-wired SHDN pin
and two software-selectable power-down modes.
Accessing the serial interface automatically powers up
the devices, and the quick turn-on time allows the
MAX186/MAX188 to be shut down between every
conversion. Using this technique of powering down
between conversions, supply current can be cut to
under 10µA at reduced sampling rates.

The MAX186/MAX188 are available in 20-pin DIP and
SO packages, and in a shrink small-outline package
(SSOP), that occupies 30% less area than an 8-pin DIP.
For applications that call for a parallel interface, see the
MAX180/MAX181 data sheet. For anti-aliasing filters,
consult the MAX274/MAX275 data sheet.

________________________Applications
Portable Data Logging

Data-Acquisition 

High-Accuracy Process Control

Automatic Testing

Robotics

Battery-Powered Instruments

Medical Instruments

____________________________Features
♦ 8-Channel Single-Ended or 4-Channel 

Differential Inputs
♦ Single +5V or ±5V Operation
♦ Low Power: 1.5mA (operating mode)

2µA (power-down mode)
♦ Internal Track/Hold, 133kHz Sampling Rate
♦ Internal 4.096V Reference (MAX186)
♦ SPI-, QSPI-, Microwire-, TMS320-Compatible 

4-Wire Serial Interface
♦ Software-Configurable Unipolar or Bipolar Inputs
♦ 20-Pin DIP, SO, SSOP Packages
♦ Evaluation Kit Available

______________Ordering Information

Ordering Information continued on last page.
† NOTE: Parts are offered in grades A, B, C and D (grades defined
in Electrical Characteristics). When ordering, please specify grade.
Contact factory for availability of A-grade in SSOP package.
*    Dice are specified at +25°C, DC parameters only.
* * Contact factory for availability and processing to MIL-STD-883.

TEMP. RANGE
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PART† PIN-PACKAGE

MAX186_CPP 20 Plastic DIP

MAX186_CWP 20 SO

20 SSOP

MAX186DC/D Dice*

MAX186_EPP 20 Plastic DIP

MAX186_CAP

20

19

18

17

16

15

14

13

12

11

1

2

3

4

5

6

7

8

9

10

TOP VIEW�

DIP/SO/SSOP



VDD

SCLK

CS

DIN

SSTRB

DOUT

DGND

AGND

REFADJ

VREFSHDN

VSS

CH7

CH6

CH5

CH4

CH3

CH2

CH1

CH0

MAX186
MAX188

____________________Pin Configuration

0°C to +70°C

0°C to +70°C

0°C to +70°C

0°C to +70°C

MAX186_EWP 20 SO

MAX186_EAP -40°C to +85°C 20 SSOP

MAX186_MJP -55°C to +125°C 20 CERDIP**

SPI and QSPI are registered trademarks of Motorola.   
Microwire is a registered trademark of National Semiconductor.

-40°C to +85°C

-40°C to +85°C

19-0123; Rev. 4; 8/96

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

EVALUATION KIT 

AVAILABLE
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VDD = 5V ±5%; VSS = 0V or -5V; fCLK = 2.0MHz, external clock (50% duty cycle); 15 clocks/conversion cycle (133ksps); MAX186—
4.7µF capacitor at VREF pin; MAX188—external reference, VREF = 4.096V applied to VREF pin; TA = TMIN to TMAX, unless otherwise
noted.)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

PARAMETER SYMBOL MIN TYP MAX UNITS

±1.0

LSB

±0.75

±1.0

±0.5

Differential Nonlinearity DNL ±1 LSB

±2.0

±3.0

±3.0

Resolution 12 Bits

±0.5

Offset Error

±3.0

LSB

±3.0

±1.5

±2.0

±2.0

Gain Error (Note 3)

±3.0

LSB

Gain Temperature Coefficient ±0.8 ppm/°C

±0.1 LSB

SINAD 70 dB

THD -80 dB

Spurious-Free Dynamic Range SFDR 80 dB

Channel-to-Channel Crosstalk -85 dB

CONDITIONS

MAX186D/MAX188D

MAX186D/MAX188D

MAX186 (all grades)

MAX188C

MAX186C

MAX186B/MAX188B

No missing codes over temperature

MAX186A/MAX188A

MAX186B/MAX188B

MAX186C/MAX188C

External reference
4.096V (MAX188)

External reference, 4.096V

MAX186A/MAX188A

65kHz, VIN = 4.096VP-P (Note 4)

VDD to AGND............................................................-0.3V to +6V
VSS to AGND ............................................................+0.3V to -6V
VDD to VSS ..............................................................-0.3V to +12V
AGND to DGND.....................................................-0.3V to +0.3V
CH0–CH7 to AGND, DGND.............(VSS - 0.3V) to (VDD + 0.3V)
CH0–CH7 Total Input Current ..........................................±20mA
VREF to AGND ...........................................-0.3V to (VDD + 0.3V)
REFADJ to AGND.......................................-0.3V to (VDD + 0.3V)
Digital Inputs to DGND...............................-0.3V to (VDD + 0.3V)
Digital Outputs to DGND............................-0.3V to (VDD + 0.3V)
Digital Output Sink Current .................................................25mA

Continuous Power Dissipation (TA = +70°C)
Plastic DIP (derate 11.11mW/°C above +70°C) ...........889mW
SO (derate 10.00mW/°C above +70°C)........................800mW
SSOP (derate 8.00mW/°C above +70°C) .....................640mW
CERDIP (derate 11.11mW/°C above +70°C)................889mW

Operating Temperature Ranges:
MAX186_C/MAX188_C ........................................0°C to +70°C
MAX186_E/MAX188_E......................................-40°C to +85°C
MAX186_M/MAX188_M ..................................-55°C to +125°C

Storage Temperature Range .............................-60°C to +150°C
Lead Temperature (soldering, 10sec) .............................+300°C

MAX188A

MAX188B

MAX188C

MAX188D

Channel-to-Channel 
Offset Matching

Signal-to-Noise + Distortion Ratio

Total Harmonic Distortion
(up to the 5th harmonic)

DC ACCURACY (Note 1)

DYNAMIC SPECIFICATIONS (10kHz sine wave input, 4.096VP-P, 133ksps, 2.0MHz external clock, bipolar input mode)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Small-Signal Bandwidth -3dB rolloff 4.5 MHz

Full-Power Bandwidth 800 kHz

Internal clock 5.5 10
Conversion Time (Note 5) t CONV

External clock, 2MHz, 12 clocks/conversion 6
µs

Track/Hold Acquisition Time tAZ 1.5 µs

Aperture Delay 10 ns

Aperture Jitter <50 ps

Internal Clock Frequency 1.7 MHz

ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V ±5%; VSS = 0V or -5V; fCLK = 2.0MHz, external clock (50% duty cycle); 15 clocks/conversion cycle (133ksps); MAX186—
4.7µF capacitor at VREF pin; MAX188—external reference, VREF = 4.096V applied to VREF pin; TA = TMIN to TMAX, unless otherwise
noted.)

External compensation, 4.7µF 0.1 2.0

Internal compensation (Note 6) 0.1 0.4

Used for data transfer only 10

MHz

Unipolar, VSS = 0VInput Voltage Range, 
Single-Ended and Differential
(Note 9) Bipolar, VSS = -5V

V

Multiplexer Leakage Current On/off leakage current, VIN = ±5V ±0.01 ±1 µA

Input Capacitance (Note 6) 16 pF

VREF Output Voltage TA = +25°C 4.076 4.096 4.116 V

VREF Short-Circuit Current 30 mA

MAX186A, MAX186B,
MAX186C

±30 ±50

±30 ±60

±30 ±80
VREF Tempco

MAX186D ±30

ppm/°C

Load Regulation (Note 7) 0mA to 0.5mA output load 2.5 mV

Internal compensation 0
Capacitive Bypass at VREF

External compensation 4.7
µF

Internal compensation 0.01
Capacitive Bypass at REFADJ

External compensation 0.01
µF

MAX186_C

MAX186_E

MAX186_M

REFADJ Adjustment Range ±1.5 %

±VREF/2

0 to 
VREF

Input Voltage Range V

Input Current 200 350 µA

Input Resistance 12 20 kΩ
Shutdown VREF Input Current 1.5 10 µA

Buffer Disable Threshold REFADJ
VDD -
50mV V

VDD + 2.50 50mV

CONVERSION RATE

ANALOG INPUT

INTERNAL REFERENCE (MAX186 only, reference buffer enabled)

EXTERNAL REFERENCE AT VREF (Buffer disabled, VREF = 4.096V)
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V ±5%; VSS = 0V or -5V; fCLK = 2.0MHz, external clock (50% duty cycle); 15 clocks/conversion cycle (133ksps); MAX186—
4.7µF capacitor at VREF pin; MAX188—external reference, VREF = 4.096V applied to VREF pin; TA = TMIN to TMAX, unless otherwise
noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX

Internal compensation mode 0
µFCapacitive Bypass at VREF

External compensation mode 4.7

MAX186 1.678
V/V

MAX188 1.638

MAX186 ±50
µAREFADJ Input Current

MAX188 ±5

VINH 2.4 V

VINL 0.8 V

DIN, SCLK, CS Input Hysteresis VHYST 0.15 V

DIN, SCLK, CS Input Leakage IIN VIN = 0V or VDD ±1 µA

CIN (Note 6) 15 pF

SHDN Input High Voltage VINH VDD - 0.5 V

SHDN Input Low Voltage VINL 0.5 V

SHDN Input Current, High IINH SHDN = VDD 4.0 µA

SHDN Input Current, Low IINL SHDN = 0V -4.0 µA

SHDN Input Mid Voltage VIM V

SHDN Voltage, Floating VFLT SHDN = open 2.75 V

SHDN = open -100 100 nA

ISINK = 5mA 0.4
Output Voltage Low VOL

ISINK = 16mA 0.3
V

Output Voltage High VOH ISOURCE = 1mA 4 V

Three-State Leakage Current IL CS = 5V ±10 µA

Three-State Output Capacitance COUT CS = 5V (Note 6) 15 pF

Positive Supply Voltage VDD 5 ±5% V

DIN, SCLK, CS Input Capacitance

SHDN Max Allowed Leakage, 
Mid Input

Negative Supply Voltage VSS
0 or

-5 ±5% V

Operating mode 1.5 2.5

Fast power-down 30 70Positive Supply Current IDD

Full power-down 2 10

Operating mode and fast power-down 50
Negative Supply Current ISS

Full power-down 10
µA

mA

µA

DIN, SCLK, CS Input Low Voltage

DIN, SCLK, CS Input High Voltage

1.5 VDD -1.5

DIGITAL INPUTS (DIN, SCLK, 

 

CS, SHDN)

DIGITAL OUTPUTS (DOUT, SSTRB)

POWER REQUIREMENTS

UNITS

EXTERNAL REFERENCE AT REFADJ

Reference-Buffer Gain



Note 1: Tested at VDD = 5.0V; VSS = 0V; unipolar input mode.
Note 2: Relative accuracy is the deviation of the analog value at any code from its theoretical value after the full-scale range has

been calibrated.
Note 3: MAX186 – internal reference, offset nulled; MAX188 – external reference (VREF = +4.096V), offset nulled.
Note 4: Ground on-channel; sine wave applied to all off channels.
Note 5: Conversion time defined as the number of clock cycles times the clock period; clock has 50% duty cycle.
Note 6: Guaranteed by design. Not subject to production testing.
Note 7: External load should not change during conversion for specified accuracy.
Note 8: Measured at VSUPPLY +5% and VSUPPLY -5% only.
Note 9: The common-mode range for the analog inputs is from VSS to VDD.
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PARAMETER SYMBOL CONDITIONS UNITS

Positive Supply Rejection 
(Note 8) PSR ±0.06 ±0.5 mV

Negative Supply Rejection
(Note 8) PSR VSS = -5V ±5%; external reference, 4.096V;

full-scale input ±0.01 ±0.5 mV

ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V ±5%; VSS = 0V or -5V; fCLK = 2.0MHz, external clock (50% duty cycle); 15 clocks/conversion cycle (133ksps); MAX186—
4.7µF capacitor at VREF pin; MAX188—external reference, VREF = 4.096V applied to VREF pin; TA = TMIN to TMAX, unless otherwise
noted.)

TIMING CHARACTERISTICS
(VDD = 5V ±5%; VSS =0V or -5V, TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS UNITS

SCLK Pulse Width Low tCL 200 ns

SCLK Fall to SSTRB tSSTRB CLOAD = 100pF 200 ns

tSDV External clock mode only, CLOAD = 100pF 200 ns

tSTR External clock mode only, CLOAD = 100pF 200 ns

tSCK Internal clock mode only 0 ns

Acquisition Time tAZ 1.5 µs

DIN to SCLK Setup tDS 100 ns

DIN to SCLK Hold tDH 0 ns

CLOAD = 100pF
20 150 ns

SCLK Fall to Output Data Valid tDO
20 200 ns

CS Fall to Output Enable tDV CLOAD = 100pF 100 ns

CS Rise to Output Disable tTR CLOAD = 100pF 100 ns

CS to SCLK Rise Setup tCSS 100 ns

CS to SCLK Rise Hold tCSH 0 ns

SCLK Pulse Width High tCH 200 ns

MAX18_ _C/E

MAX18_ _M

SSTRB Rise to SCLK Rise 
(Note 6)

CS Fall to SSTRB Output Enable 
(Note 6)

VDD = 5V ±5%; external reference, 4.096V;
full-scale input

MIN TYP MAX

MIN TYP MAX

CS Rise to SSTRB Output Disable
(Note 6)



Reference Voltage for analog-to-digital conversion. Also, Output of the Reference Buffer Amplifier
(4.096V in the MAX186, 1.638 x REFADJ in the MAX188). Add a 4.7µF capacitor to ground when
using external compensation mode. Also functions as an input when used with a precision external
reference.
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__________________________________________Typical Operating Characteristics
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fs = 133kHz
TA = +25°C


PIN NAME FUNCTION

1-8 CH0-CH7 Sampling Analog Inputs

9 VSS Negative Supply Voltage. Tie to -5V ±5% or AGND

10 SHDN

11 VREF

Three-Level Shutdown Input. Pulling SHDN low shuts the MAX186/MAX188 down to 10µA (max)
supply current, otherwise the MAX186/MAX188 are fully operational. Pulling SHDN high puts the ref-
erence-buffer amplifier in internal compensation mode. Letting SHDN float puts the reference-buffer
amplifier in external compensation mode.

_____________________________________________________________Pin Description



Digital Ground

Positive Supply Voltage, +5V ±5%
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PIN NAME FUNCTION

12 REFADJ

13 AGND Analog Ground. Also IN- Input for single-ended conversions.

14 DGND

15 DOUT Serial Data Output. Data is clocked out at the falling edge of SCLK. High impedance when CS is high.

16 SSTRB

17 DIN

18 CS

19 SCLK

Input to the Reference-Buffer Amplifier. To disable the reference-buffer amplifier, tie REFADJ to
VDD.

Serial Clock Input. Clocks data in and out of serial interface. In external clock mode, SCLK also sets
the conversion speed. (Duty cycle must be 40% to 60% in external clock mode.)

Serial Strobe Output. In internal clock mode, SSTRB goes low when the MAX186/MAX188 begin the
A/D conversion and goes high when the conversion is done. In external clock mode, SSTRB pulses
high for one clock period before the MSB decision. High impedance when CS is high (external mode).

Active-Low Chip Select. Data will not be clocked into DIN unless CS is low. When CS is high, DOUT
is high impedance.

Serial Data Input. Data is clocked in at the rising edge of SCLK.

20 VDD

+5V

3k

CLOAD

DGND

DOUT

CLOAD

DGND

3k

DOUT

a. High-Z to VOH and VOL to VOH b. High-Z to VOL and VOH to VOL

+5V

3k

CLOAD

DGND

DOUT

CLOAD

DGND

3k

DOUT

a VOH to High-Z b VOL to High-Z

Figure 1. Load Circuits for Enable Time

Figure 2. Load Circuits for Disabled Time



INPUT
SHIFT

REGISTER CONTROL
LOGIC

INT
CLOCK

OUTPUT
SHIFT

REGISTER

+2.46V
REFERENCE
(MAX186)

T/HANALOG
INPUT
MUX

12-BIT
SAR
ADC

IN

DOUT

SSTRB

VDD

DGND

VSS

SCLK

DIN

CH0
CH1

CH3
CH2

CH7
CH6
CH5
CH4

AGND

REFADJ

VREF

OUT
REF

CLOCK

+4.096V

20k
≈ 1.65

1
2
3
4
5
6
7
8

10

11

12

13

15

16

17

18
19

MAX186
MAX188

CS

SHDN

A

20

14

9

Figure 3. Block Diagram

________________________________________________Pin Description (continued)
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8 _______________Detailed Description

The MAX186/MAX188 use a successive-approximation
conversion technique and input track/hold (T/H) circuit-
ry to convert an analog signal to a 12-bit digital output.
A flexible serial interface provides easy interface to
microprocessors. No external hold capacitors are
required. Figure 3 shows the block diagram for the
MAX186/MAX188.

Pseudo-Differential Input
The sampling architecture of the ADC’s analog com-
parator is illustrated in the Equivalent Input Circuit
(Figure 4). In single-ended mode, IN+ is internally
switched to CH0-CH7 and IN- is switched to AGND. In
differential mode, IN+ and IN- are selected from pairs
of CH0/CH1, CH2/CH3, CH4/CH5 and CH6/CH7.
Configure the channels with Table 3 and Table 4. 

In differential mode, IN- and IN+ are internally switched
to either one of the analog inputs. This configuration is
pseudo-differential to the effect that only the signal at
IN+ is sampled. The return side (IN-) must remain sta-
ble within ±0.5LSB (±0.1LSB for best results) with
respect to AGND during a conversion. Accomplish this
by connecting a 0.1µF capacitor from AIN- (the select-
ed analog input, respectively) to AGND.

During the acquisition interval, the channel selected as
the positive input (IN+) charges capacitor CHOLD. The
acquisition interval spans three SCLK cycles and ends
on the falling SCLK edge after the last bit of the input
control word has been entered. At the end of the acqui-
sition interval, the T/H switch opens, retaining charge
on CHOLD as a sample of the signal at IN+. 

The conversion interval begins with the input multiplex-
er switching CHOLD from the positive input (IN+) to the
negative input (IN-). In single-ended mode, IN- is sim-
ply AGND. This unbalances node ZERO at the input of
the comparator. The capacitive DAC adjusts during the
remainder of the conversion cycle to restore node
ZERO to 0V within the limits of 12-bit resolution. This
action is equivalent to transferring a charge of 16pF x
[(VIN+) - (VIN-)] from CHOLD to the binary-weighted
capacitive DAC, which in turn forms a digital represen-
tation of the analog input signal. 

Track/Hold
The T/H enters its tracking mode on the falling clock
edge after the fifth bit of the 8-bit control word has been
shifted in. The T/H enters its hold mode on the falling
clock edge after the eighth bit of the control word has
been shifted in. If the converter is set up for

single-ended inputs, IN- is connected to AGND, and
the converter samples the “+” input. If the converter is
set up for differential inputs, IN- connects to the “-”
input, and the difference of |IN+ - IN-| is sampled. At
the end of the conversion, the positive input connects
back to IN+, and CHOLD charges to the input signal.

The time required for the T/H to acquire an input signal
is a function of how quickly its input capacitance is
charged. If the input signal’s source impedance is high,
the acquisition time lengthens and more time must be
allowed between conversions. Acquisition time is cal-
culated by:

tAZ = 9 x (RS + RIN) x 16pF, 

where RIN = 5kΩ, RS = the source impedance of the
input signal, and tAZ is never less than 1.5µs. Note that
source impedances below 5kΩ do not significantly
affect the AC performance of the ADC. Higher source
impedances can be used if an input capacitor is con-
nected to the analog inputs, as shown in Figure 5. Note
that the input capacitor forms an RC filter with the input
source impedance, limiting the ADC’s signal bandwidth.

Input Bandwidth
The ADC’s input tracking circuitry has a 4.5MHz
small-signal bandwidth, so it is possible to digitize
high-speed transient events and measure periodic sig-
nals with bandwidths exceeding the ADC’s sampling
rate by using undersampling techniques. To avoid
high-frequency signals being aliased into the frequency
band of interest, anti-alias filtering is recommended.

Low-Power, 8-Channel,
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CH0
CH1

CH2
CH3
CH4
CH5

CH6
CH7

AGND

CSWITCH

TRACK

T/H
SWITCH

10k
RS

CHOLD

HOLD

12-BIT CAPACITIVE DAC
VREF

ZERO

COMPARATOR

– +

16pF

SINGLE-ENDED MODE:  IN+ = CHO-CH7, IN– = AGND.
DIFFERENTIAL MODE:    IN+ AND IN– SELECTED FROM PAIRS OF
							                               CH0/CH1, CH2/CH3, CH4/CH5, CH6/CH7.

AT THE SAMPLING INSTANT,
THE MUX INPUT SWITCHES 
FROM THE SELECTED IN+ 
CHANNEL TO THE SELECTED 
IN– CHANNEL.

INPUT 
MUX

Figure 4. Equivalent Input Circuit



Full Scale

V REFADJ x A*

Analog Input Range and Input Protection
Internal protection diodes, which clamp the analog
input to VDD and VSS, allow the channel input pins to
swing from VSS - 0.3V to VDD + 0.3V without damage.
However, for accurate conversions near full scale, the
inputs must not exceed VDD by more than 50mV, or be
lower than VSS by 50mV.

If the analog input exceeds 50mV beyond the sup-
plies, do not forward bias the protection diodes of
off-channels over two milliamperes, as excessive
current will degrade the conversion accuracy of the
on-channel.

The full-scale input voltage depends on the voltage at
VREF. See Tables 1a and 1b.

Quick Look
To evaluate the analog performance of the
MAX186/MAX188 quickly, use the circuit of Figure 5.
The MAX186/MAX188 require a control byte to be writ-
ten to DIN before each conversion. Tying DIN to +5V
feeds in control bytes of $FF (HEX), which trigger
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Reference Zero 
Scale Full Scale

Internal Reference
(MAX186 only) 0V +4.096V

0V

at VREF 0V VREF

External Reference
at REFADJ

Reference Negative
Full Scale

Zero
Scale

Internal Reference
(MAX186 only) -4.096V/2 0V

External Reference
at REFADJ

-1/2VREFADJ
x A* 0V

at VREF -1/2 VREF 0V

+4.096V/2

+1/2VREFADJ
x A*

+1/2 VREF

0.1µF
VDD

DGND

AGND

VSS

CS

SCLK

DIN

DOUT

SSTRB

SHDN

+5V

N.C.

0.01µF
CH7

REFADJ

VREF
C2

0.01µF

+2.5V
REFERENCE

C1
4.7µF

D1
1N4148

+5V

0V TO
4.096V

ANALOG
INPUT

+2.5V
**

OSCILLOSCOPE

CH1 CH2 CH3 CH4

*  FULL-SCALE ANALOG INPUT, CONVERSION RESULT = $FFF (HEX)
**REQUIRED FOR MAX188 ONLY.  A POTENTIOMETER MAY BE USED IN PLACE OF THE REFERENCE FOR TEST PURPOSES.

MAX186
MAX188

+5V

2MHz
OSCILLATOR

SCLK

SSTRB

DOUT*

Figure 5. Quick-Look Circuit

* A = 1.678 for the MAX186, 1.638 for the MAX188 

Table 1b. Bipolar Full Scale, Zero Scale, and
Negative Full Scale

Table 1a. Unipolar Full Scale and Zero Scale

* A = 1.678 for the MAX186, 1.638 for the MAX188 



M
A

X
1

8
6

/M
A

X
1

8
8 single-ended unipolar conversions on CH7 in external

clock mode without powering down between conver-
sions. In external clock mode, the SSTRB output pulses
high for one clock period before the most significant bit
of the 12-bit conversion result comes out of DOUT.
Varying the analog input to CH7 should alter the
sequence of bits from DOUT. A total of 15 clock cycles
is required per conversion. All transitions of the SSTRB
and DOUT outputs occur on the falling edge of SCLK.

How to Start a Conversion
A conversion is started on the MAX186/MAX188 by
clocking a control byte into DIN. Each rising edge on
SCLK, with CS low, clocks a bit from DIN into the
MAX186/MAX188’s internal shift register. After CS falls,
the first arriving logic “1” bit defines the MSB of the
control byte. Until this first “start” bit arrives, any num-
ber of logic “0” bits can be clocked into DIN with no
effect. Table 2 shows the control-byte format.

The MAX186/MAX188 are ful ly compatible with
Microwire and SPI devices. For SPI, select the correct
clock polarity and sampling edge in the SPI control reg-
isters: set CPOL = 0 and CPHA = 0. Microwire and SPI
both transmit a byte and receive a byte at the same
time. Using the Typical Operating Circuit, the simplest
software interface requires only three 8-bit transfers to
perform a conversion (one 8-bit transfer to configure
the ADC, and two more 8-bit transfers to clock out the
12-bit conversion result).

Example:  Simple Software Interface

Make sure the CPU’s serial interface runs in master
mode so the CPU generates the serial clock. Choose a
clock frequency from 100kHz to 2MHz.

1) Set up the control byte for external clock mode, call
it TB1. TB1 should be of the format:  1XXXXX11
Binary, where the Xs denote the particular channel
and conversion-mode selected.

Low-Power, 8-Channel,
Serial 12-Bit ADCs
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
(MSB) (LSB)

START SEL2 SEL1 SEL0 UNI/BIP SGL/DIF PD1 PD0

Bit Name Description

7(MSB) START The first logic “1” bit after CS goes low defines the beginning of the control byte.

6 SEL2 These three bits select which of the eight channels are used for the conversion.
5 SEL1 See Tables 3 and 4.
4 SEL0

3 UNI/BIP 1 = unipolar, 0 = bipolar. Selects unipolar or bipolar conversion mode. In unipolar     
mode, an analog input signal from 0V to VREF can be converted; in bipolar mode, the
signal can range from -VREF/2 to +VREF/2. 

2 SGL/DIF 1 = single ended, 0 = differential. Selects single-ended or differential conversions. In
single-ended mode, input signal voltages are referred to AGND. In differential mode,
the voltage difference between two channels is measured. See Tables 3 and 4. 

1 PD1 Selects clock and power-down modes.
0(LSB) PD0 PD1 PD0 Mode

0 0 Full power-down (IQ = 2µA)
0 1 Fast power-down (IQ = 30µA)
1 0 Internal clock mode
1 1 External clock mode

Table 2. Control-Byte Format



2) Use a general-purpose I/O line on the CPU to pull
CS on the MAX186/MAX188 low.

3) Transmit TB1 and simultaneously receive a byte
and call it RB1. Ignore RB1.

4) Transmit a byte of all zeros ($00 HEX) and simulta-
neously receive byte RB2.

5) Transmit a byte of all zeros ($00 HEX) and simulta-
neously receive byte RB3.

6) Pull CS on the MAX186/MAX188 high.

Figure 6 shows the timing for this sequence. Bytes RB2
and RB3 will contain the result of the conversion
padded with one leading zero and three trailing zeros.
The total conversion time is a function of the serial
clock frequency and the amount of dead time between
8-bit transfers. Make sure that the total conversion time
does not exceed 120µs, to avoid excessive T/H droop.

Digital Output

In unipolar input mode, the output is straight binary
(see Figure 15). For bipolar inputs, the output is
twos-complement (see Figure 16). Data is clocked out
at the falling edge of SCLK in MSB-first format.
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SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3 CH4 CH5 CH6 CH7 AGND

0 0 0 + –

1 0 0 + –

0 0 1 + –

1 0 1 + –

0 1 0 + –

1 1 0 + –

0 1 1 + –

1 1 1 +  –

Table 3. Channel Selection in Single-Ended Mode (SGL/DIFF = 1) 

SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3 CH4 CH5 CH6 CH7

0 0 0 + –

0 0 1 + –

0 1 0 + –

0 1 1 + –

1 0 0 – +

1 0 1 – +

1 1 0 – +

1 1 1 – +

Table 4. Channel Selection in Differential Mode (SGL/DIFF = 0) 
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Internal and External Clock Modes
The MAX186/MAX188 may use either an external serial
clock or the internal clock to perform the
successive-approximation conversion. In both clock
modes, the external clock shifts data in and out of the
MAX186/MAX188. The T/H acquires the input signal as
the last three bits of the control byte are clocked into
DIN. Bits PD1 and PD0 of the control byte program the
clock mode. Figures 7 through 10 show the timing
characteristics common to both modes.

External Clock

In external clock mode, the external clock not only shifts
data in and out, it also drives the analog-to-digital con-

version steps. SSTRB pulses high for one clock period
after the last bit of the control byte. Successive-approxi-
mation bit decisions are made and appear at DOUT on
each of the next 12 SCLK falling edges (see Figure 6).
SSTRB and DOUT go into a high-impedance state when
CS goes high; after the next CS falling edge, SSTRB will
output a logic low. Figure 8 shows the SSTRB timing in
external clock mode. 

The conversion must complete in some minimum time, or
else droop on the sample-and-hold capacitors may
degrade conversion results. Use internal clock mode if the
clock period exceeds 10µs, or if serial-clock interruptions
could cause the conversion interval to exceed 120µs.

Low-Power, 8-Channel,
Serial 12-Bit ADCs
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SSTRB

CS

SCLK

DIN

DOUT

1 4 8 12 16 20 24

START SEL2 SEL1 SEL0 UNI/
BIP

SCL/
DIFF PD1 PD0

B11
MSB B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

LSB

ACQUISITION


1.5µs  (CLK = 2MHz)

IDLE

FILLED WITH 
ZEROS

IDLECONVERSION

tACQ

A/D STATE

RB1

RB2 RB3

• • •

• • •

• • •

• • •

CS

SCLK

DIN

DOUT

tCSH
tCSS

tCL

tDS

tDH

tDV

tCH

tDO tTR

tCSH

Figure 6. 24-Bit External Clock Mode Conversion Timing (SPI, QSPI and Microwire Compatible)

Figure 7. Detailed Serial-Interface Timing



Internal Clock

In internal clock mode, the MAX186/MAX188 generate
their own conversion clock internally. This frees the
microprocessor from the burden of running the SAR con-
version clock, and allows the conversion results to be
read back at the processor’s convenience, at any clock
rate from zero to typically 10MHz. SSTRB goes low at the
start of the conversion and then goes high when the con-
version is complete. SSTRB will be low for a maximum of
10µs, during which time SCLK should remain low for best
noise performance. An internal register stores data when
the conversion is in progress. SCLK clocks the data out
at this register at any time after the conversion is com-
plete. After SSTRB goes high, the next falling clock edge

will produce the MSB of the conversion at DOUT, fol-
lowed by the remaining bits in MSB-first format (see
Figure 9). CS does not need to be held low once a con-
version is started. Pulling CS high prevents data from
being clocked into the MAX186/MAX188 and three-
states DOUT, but it does not adversely effect an internal
clock-mode conversion already in progress. When inter-
nal clock mode is selected, SSTRB does not go into a
high-impedance state when CS goes high. 

Figure 10 shows the SSTRB timing in internal clock
mode. In internal clock mode, data can be shifted in and
out of the MAX186/MAX188 at clock rates exceeding
4.0MHz, provided that the minimum acquisition time, tAZ,
is kept above 1.5µs. 
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• • •

• • • • • •

• • •

tSDV

tSSTRB

PD0 CLOCKED IN

tSTR

SSTRB

SCLK

CS

tSSTRB

• • • • • • •  •  

SSTRB

CS

SCLK

DIN

DOUT

1 4 8 12 18 20 24

START SEL2 SEL1 SEL0 UNI/
DIP

SCL/
DIFF PD1 PD0

B11
MSB B10 B9 B2 B1 B0

LSB

ACQUISITION


1.5µs  (CLK = 2MHz)

IDLE

FILLED WITH 
ZEROS

IDLE
CONVERSION

10µs MAXA/D STATE

2 3 5 6 7 9 10 11 19 21 22 23

tCONV

Figure 8. External Clock Mode SSTRB Detailed Timing

Figure 9. Internal Clock Mode Timing
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Data Framing
The falling edge of CS does not start a conversion on the
MAX186/MAX188. The first logic high clocked into DIN is
interpreted as a start bit and defines the first bit of the
control byte. A conversion starts on the falling edge of
SCLK, after the eighth bit of the control byte (the PD0 bit)
is clocked into DIN. The start bit is defined as: 

The first high bit clocked into DIN with CS low any-
time the  converter is idle, e.g. after VCC is applied.

OR

The first high bit clocked into DIN after bit 5 of a
conversion in progress is clocked onto the DOUT pin.

If a falling edge on CS forces a start bit before bit 5
(B5) becomes available, then the current conversion
will be terminated and a new one started. Thus, the
fastest the MAX186/MAX188 can run is 15 clocks per
conversion. Figure 11a shows the serial-interface timing
necessary to perform a conversion every 15 SCLK
cycles in external clock mode. If CS is low and SCLK is
continuous, guarantee a start bit by first clocking in 16
zeros.

Most microcontrollers require that conversions occur in
multiples of 8 SCLK clocks; 16 clocks per conversion
will typically be the fastest that a microcontroller can
drive the MAX186/MAX188. Figure 11b shows the
serial-interface timing necessary to perform a conver-
sion every 16 SCLK cycles in external clock mode. 

__________ Applications Information
Power-On Reset

When power is first applied and if SHDN is not pulled
low, internal power-on reset circuitry will activate the
MAX186/MAX188 in internal clock mode, ready to con-
vert with SSTRB = high. After the power supplies have
been stabilized, the internal reset time is 100µs and no
conversions should be performed during this phase.
SSTRB is high on power-up and, if CS is low, the first
logical 1 on DIN will be interpreted as a start bit. Until a
conversion takes place, DOUT will shift out zeros. 

Reference-Buffer Compensation
In addition to its shutdown function, the SHDN pin also
selects internal or external compensation. The compen-
sation affects both power-up time and maximum conver-
sion speed. Compensated or not, the minimum clock
rate is 100kHz due to droop on the sample-and-hold. 

To select external compensation, float SHDN. See the
Typical Operating Circuit, which uses a 4.7µF capacitor at
VREF. A value of 4.7µF or greater ensures stability and
allows operation of the converter at the full clock speed of
2MHz. External compensation increases power-up time (see
the Choosing Power-Down Mode section, and Table 5).

Internal compensation requires no external capacitor at
VREF, and is selected by pulling SHDN high. Internal com-
pensation allows for shortest power-up times, but is only
available using an external clock and reduces the maxi-
mum clock rate to 400kHz. 

Low-Power, 8-Channel,
Serial 12-Bit ADCs
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PD0 CLOCK IN		

tSSTRB

tCSH

tCONV
tSCK

SSTRB  • • •

SCLK  • • •

tCSS

NOTE:  FOR BEST NOISE PERFORMANCE, KEEP SCLK LOW DURING CONVERSION.

CS  • • •

Figure 10. Internal Clock Mode SSTRB Detailed Timing



Power-Down
Choosing Power-Down Mode

You can save power by placing the converter in a
low-current shutdown state between conversions.
Select full power-down or fast power-down mode via
bits 7 and 8 of the DIN control byte with SHDN high or
floating (see Tables 2 and 6). Pull SHDN low at any time
to shut down the converter completely. SHDN overrides
bits 7 and 8 of DIN word (see Table 7).

Full power-down mode turns off all chip functions that draw
quiescent current, reducing IDD and ISS typically to 2µA. 

Fast power-down mode turns off all circuitry except the
bandgap reference. With the fast power-down mode, the
supply current is 30µA. Power-up time can be shortened
to 5µs in internal compensation mode. 

In both software shutdown modes, the serial interface
remains operational, however, the ADC will not convert.
Table 5 illustrates how the choice of reference-buffer
compensation and power-down mode affects both
power-up delay and maximum sample rate. 

In external compensation mode, the power-up time is
20ms with a 4.7µF compensation capacitor (200ms with
a 33µF capacitor) when the capacitor is fully discharged.
In fast power-down, you can eliminate start-up time by

using low-leakage capacitors that will not discharge
more than 1/2LSB while shut down. In shutdown, the
capacitor has to supply the current into the reference
(1.5µA typ) and the transient currents at power-up.

Figures 12a and 12b illustrate the various power-down
sequences in both external and internal clock modes.

Software Power-Down 

Software power-down is activated using bits PD1 and
PD0 of the control byte. As shown in Table 6, PD1 and
PD0 also specify the clock mode. When software shut-
down is asserted, the ADC will continue to operate in
the last specified clock mode until the conversion is
complete. Then the ADC powers down into a low quies-
cent-current state. In internal clock mode, the interface
remains active and conversion results may be clocked
out while the MAX186/MAX188 have already entered a
software power-down. 

The first logical 1 on DIN will be interpreted as a start
bit, and powers up the MAX186/MAX188. Following the
start bit, the data input word or control byte also deter-
mines clock and power-down modes. For example, if
the DIN word contains PD1 = 1, then the chip will
remain powered up. If PD1 = 0, a power-down will
resume after one conversion.
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SCLK

DIN

DOUT

CS

S CONTROL BYTE 0 CONTROL BYTE 1S

CONVERSION RESULT 0

B11  B10  B9  B8  B7  B6  B5  B4  B3  B2  B1  B0

CONVERSION RESULT 1
SSTRB

B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

CONTROL BYTE 2S

1 8 1 8 1

CS

SCLK

DIN

DOUT

S CONTROL BYTE 0 CONTROL BYTE 1S

CONVERSION RESULT 0

B11  B10  B9  B8  B7  B6  B5  B4  B3  B2  B1  B0 B11   B10   B9   B8

CONVERSION RESULT 1

• • •

• • •

• • •

• • •

Figure 11a. External Clock Mode, 15 Clocks/Conversion Timing

Figure 11b. External Clock Mode, 16 Clocks/Conversion Timing
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Reference Reference- VREF Power- Power-Up Maximum
Buffer Buffer Capacitor Down Delay Sampling

Compensation (µF) Mode (sec) Rate (ksps)
Mode

Enabled Internal Fast 5µ 26

Enabled Internal Full 300µ 26

Enabled External 4.7 Fast See Figure 14c 133

Enabled External 4.7 Full See Figure 14c 133

Disabled Fast 2µ 133

Disabled Full 2µ 133

Table 5. Typical Power-Up Delay Times

PD1 PD0 Device Mode

1 1 External Clock Mode

1 0 Internal Clock Mode

0 1 Fast Power-Down Mode

0 0 Full Power-Down Mode

SHDN Device Reference-Buffer
State Mode Compensation

1 Enabled Internal Compensation

Floating Enabled External Compensation

0 Full Power-Down N/A

Table 6. Software Shutdown and Clock Mode Table 7. Hard-Wired Shutdown and 
Compensation Mode

POWERED UP
FULL

POWER
DOWN

POWERED
UPPOWERED UP

DATA VALID
(12 DATA BITS)

DATA VALID
(12 DATA BITS)

DATA INVALIDVALID

EXTERNALEXTERNALINTERNAL

S X X X X X 1 1 S 0 1X XXXX X X X X XS 1 1

FAST
POWER-DOWN

MODE

DOUT

DIN

CLOCK
MODE

SHDN
SETS EXTERNAL
CLOCK MODE

SETS EXTERNAL
CLOCK MODE

SETS FAST
POWER-DOWN 
MODE

Figure 12a. Timing Diagram Power-Down Modes, External Clock
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FULL
POWER-DOWN POWERED

UP

POWERED UP

DATA VALID DATA VALID

INTERNAL CLOCK MODE

S X X X X X 1 0 S 0 0X XXXX  S

MODE

DOUT

DIN

CLOCK
MODE

SETS INTERNAL
CLOCK MODE

SETS FULL
POWER-DOWN 

CONVERSIONCONVERSIONSSTRB

1 0 0DIN

REFADJ

VREF

2.5V

0V

4V

0V

1 0 1 1 11 1 0 0 1 0 1

FULLPD FASTPD NOPD FULLPD FASTPD

2ms WAIT

COMPLETE CONVERSION SEQUENCE

tBUFFEN  ≈ 15µs

τ = RC = 20kΩ x CREFADJ

(ZEROS) CH1 CH7 (ZEROS)

Hardware Power-Down

The SHDN pin places the converter into the full
power-down mode. Unlike with the software shut-down
modes, conversion is not completed. It stops coinci-
dentally with SHDN being brought low. There is no
power-up delay if an external reference is used and  is
not shut down. The SHDN pin also selects internal or
external reference compensation (see Table 7).

Power-Down Sequencing
The MAX186/MAX188 auto power-down modes can
save considerable power when operating at less than
maximum sample rates. The following discussion illus-
trates the various power-down sequences. 

Lowest Power at up to 500
Conversions/Channel/Second

The following examples illustrate two different power-down
sequences. Other combinations of clock rates, compen-
sation modes, and power-down modes may give lowest
power consumption in other applications.

Figure 14a depicts the MAX186 power consumption for
one or eight channel conversions utilizing full
power-down mode and internal reference compensation.
A 0.01µF bypass capacitor at REFADJ forms an RC filter
with the internal 20kΩ reference resistor with a  0.2ms
time constant. To achieve full 12-bit accuracy, 10 time
constants or 2ms are required after power-up. Waiting
2ms in FASTPD mode instead of full power-up will reduce
the power consumption by a factor of 10 or more. This is
achieved by using the  sequence shown in Figure 13.

Figure 12b. Timing Diagram Power-Down Modes, Internal Clock

Figure 13. MAX186 FULLPD/FASTPD Power-Up Sequence
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Lowest Power at Higher Throughputs

Figure 14b shows the power consumption with
external-reference compensation in fast power-down,
with one and eight channels converted. The external
4.7µF compensation requires a 50µs wait after power-up,
accomplished by 75 idle clocks after a dummy conver-
sion. This circuit combines fast multi-channel conversion
with lowest power consumption possible. Full
power-down mode may provide increased power sav-
ings in applications where the MAX186/MAX188 are
inactive for long periods of time, but where intermittent
bursts of high-speed conversions are required.

External and Internal References 
The MAX186 can be used with an internal or external
reference, whereas an external reference is required for
the MAX188. Diode D1 shown in the Typical Operating
Circuit ensures correct start-up. Any standard signal
diode can be used. For both parts, an external refer-
ence can either be connected directly at the VREF ter-
minal or at the REFADJ pin. 

An internal buffer is designed to provide 4.096V at
VREF for both the MAX186 and MAX188. The
MAX186’s internally trimmed 2.46V reference is
buffered with a gain of 1.678. The MAX188's buffer  is
trimmed with a buffer gain of 1.638  to scale an external
2.5V reference at REFADJ to 4.096V at VREF. 

MAX186 Internal Reference

The full-scale range of the MAX186 with internal reference
is 4.096V with unipolar inputs, and ±2.048V with bipolar
inputs. The internal reference voltage is adjustable to
±1.5% with the Reference-Adjust Circuit of Figure 17.

External Reference

With both the MAX186 and MAX188, an external refer-
ence can be placed at either the input (REFADJ) or the
output (VREF) of the internal buffer amplifier. The
REFADJ input impedance is typically 20kΩ for the
MAX186 and higher than 100kΩ for the MAX188, where
the internal reference is omitted. At VREF, the input
impedance is a minimum of 12kΩ for DC currents.
During conversion, an external reference at VREF must
be able to deliver up to 350µA DC load current and have
an output impedance of 10Ω or less. If the reference has
higher output impedance or is noisy, bypass it close to
the VREF pin with a 4.7µF capacitor. 

Low-Power, 8-Channel,
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Figure 14a. MAX186 Supply Current vs. Sample Rate/Second,
FULLPD, 400kHz Clock

Figure 14b. MAX186/MAX188 Supply Current vs. Sample
Rate/Second, FASTPD, 2MHz Clock
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Figure 14c. Typical Power-Up Delay vs. Time in Shutdown



Using the  buffered REFADJ input avoids external
buffering of the reference. To use the direct VREF input,
disable the internal buffer by tying REFADJ to VDD.

Transfer Function and Gain Adjust
Figure 15 depicts the nominal, unipolar input/output
(I/O) transfer function, and Figure 16 shows the bipolar
input/output transfer function. Code transitions occur
halfway between successive integer LSB values. Output
coding is binary with 1 LSB = 1.00mV (4.096V/4096) for
unipolar operation and 1 LSB = 1.00mV ((4.096V/2 -
-4.096V/2)/4096) for bipolar operation.

Figure 17, the MAX186 Reference-Adjust Circuit, shows
how to adjust the ADC gain in applications that use the
internal reference. The circuit provides ±1.5%
(±65LSBs) of gain adjustment range. 

Layout, Grounding, Bypassing
For best performance, use printed circuit boards.
Wire-wrap boards are not recommended. Board layout
should ensure that digital and analog signal lines are
separated from each other. Do not run analog and digi-
tal (especially clock) lines parallel to one another, or
digital lines underneath the ADC package.

Figure 18 shows the recommended system ground
connections. A single-point analog ground (“star”
ground point) should be established at AGND, sepa-
rate from the logic ground. All other analog grounds

and DGND should be connected to this ground. No
other digital system ground should be connected to
this single-point analog ground. The ground return to
the power supply for this ground should be low imped-
ance and as short as possible for noise-free operation.

High-frequency noise in the VDD power supply may
affect the high-speed comparator in the ADC. Bypass
these supplies to the single-point analog ground with
0.1µF and 4.7µF bypass capacitors close to the
MAX186/MAX188. Minimize capacitor lead lengths for
best supply-noise rejection. If the +5V power supply is
very noisy, a 10Ω resistor can be connected as a low-
pass filter, as shown in Figure 18. 
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OUTPUT CODE

FULL-SCALE
TRANSITION11 . . . 111

11 . . . 110

11 . . . 101

00 . . . 011

00 . . . 010

00 . . . 001

00 . . . 000
1 2 30 FS

FS - 3/2LSB

   FS = +4.096V
1LSB =   FS

              4096

INPUT VOLTAGE (LSBs)

011 . . . 111

011 . . . 110

000 . . . 010

000 . . . 001

000 . . . 000

111 . . . 111

111 . . . 110

111 . . . 101

100 . . . 001

100 . . . 000

-FS 0V

INPUT VOLTAGE (LSBs)

+FS - 1LSB

FS = +4.096
        2

1LSB = +4.096
             4096

+5V

510k
100k

24k
0.01µF

12
REFADJ

MAX186

Figure 17. MAX186 Reference-Adjust Circuit

Figure 15. MAX186/MAX188 Unipolar Transfer Function,
4.096V = Full Scale

Figure 16. MAX186/MAX188 Bipolar Transfer Function,
±4.096V/2 = Full Scale
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8 High-Speed Digital Interfacing with QSPI

The MAX186/MAX188 can interface with QSPI at high
throughput rates using the circuit in Figure 19. This
QSPI circuit can be programmed to do a conversion on
each of the eight channels. The result is stored in mem-
ory without taxing the CPU since QSPI incorporates its
own micro-sequencer. Figure 19 depicts the MAX186,
but the same circuit could be used with the MAX188 by
adding an external reference to VREF and connecting
REFADJ to VDD.

Figure 20 details the code that sets up QSPI for
autonomous operation. In external clock mode, the
MAX186/MAX188 perform a single-ended, unipolar con-
version on each of their eight analog input channels.
Figure 21, QSPI Assembly-Code Timing, shows the tim-
ing associated with the assembly code of Figure 20. The
first byte clocked into the MAX186/MAX188 is the control
byte, which triggers the first conversion on CH0. The last
two bytes clocked into the MAX186/MAX188 are all zero
and clock out the results of the CH7 conversion.

Low-Power, 8-Channel,
Serial 12-Bit ADCs
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+5V -5V GND

SUPPLIES

DGND+5VDGNDVSSAGNDVDD

DIGITAL
CIRCUITRYMAX186/MAX188

R* = 10Ω

* OPTIONAL

Figure 18. Power-Supply Grounding Connection
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MAX186

CH0

CH1

CH2

CH3

CH4

CH5

CH6

CH7

VSS

SHDN

VDD

SCLK

CS

DIN

SSTRB

DOUT

DGND

AGND

REFADJ

VREF

VDDI,  VDDE, VDDSYN, VSTBY

SCK

PCS0

MOSI

MISO

* CLOCK CONNECTIONS NOT SHOWN

VSSI       VSSE

MC68HC16

0.1µF 4.7µF

0.01µF
0.1µF 4.7µF

ANALOG 
INPUTS 



+5V

+

1

Figure 19. MAX186 QSPI Connection
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*Title : MAX186.ASM
* Description : 
* This is a shell program for using a stand-alone 68HC16 without any external memory. The internal 1K RAM 
* is put into bank $0F to maintain 68HC11 code compatibility. This program was written with software 
* provided in the Motorola 68HC16 Evaluation Kit.
*
*  Roger J.A. Chen, Applications Engineer
*  MAXIM Integrated Products
*  November 20, 1992
*
******************************************************************************************************************************************************

INCLUDE        ‘EQUATES.ASM’   ;Equates for common reg addrs
INCLUDE        ‘ORG00000.ASM’  ;initialize reset vector
INCLUDE        ‘ORG00008.ASM’  ;initialize interrupt vectors
ORG     $0200 ;start program after interrupt vectors
INCLUDE  ‘INITSYS.ASM’ ;set EK=F,XK=0,YK=0,ZK=0

;set sys clock at 16.78 MHz, COP off
INCLUDE  ‘INITRAM.ASM’     ;turn on internal SRAM at $10000

;set stack (SK=1, SP=03FE)
MAIN:

JSR     INITQSPI
MAINLOOP:

JSR     READ186
WAIT:

LDAA    SPSR
ANDA    #$80
BEQ     WAIT ;wait for QSPI to finish
BRA MAINLOOP

ENDPROGRAM:

INITQSPI:

;This routine sets up the QSPI microsequencer to operate on its own.
;The sequencer will read all eight channels of a MAX186/MAX188 each time
;it is triggered. The A/D converter results will be left in the
;receive data RAM. Each 16 bit receive data RAM location will
;have a leading zero, 12 bits of conversion result and three zeros.
;
;Receive RAM Bits 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
;A/D Result              0   MSB                                              LSB 0   0   0
*****  Initialize the QSPI Registers   ******

PSHA
PSHB
LDAA    #%01111000
STAA    QPDR ;idle state for PCS0-3 = high
LDAA    #%01111011
STAA    QPAR ;assign port D to be QSPI
LDAA    #%01111110
STAA    QDDR ;only MISO is an input
LDD     #$8008
STD     SPCR0 ;master mode,16 bits/transfer,

;CPOL=CPHA=0,1MHz Ser Clock
LDD     #$0000
STD     SPCR1 ;set delay between PCS0 and SCK,

Figure 20. MAX186/MAX188 Assembly-Code Listing
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8 ;set delay between transfers

LDD     #$0800
STD     SPCR2                  ;set ENDQP to $8 for 9 transfers

*****  Initialize QSPI Command RAM  *****

LDAA    #$80            ;CONT=1,BITSE=0,DT=0,DSCK=0,PCS0=ACTIVE
STAA    $FD40           ;store first byte in COMMAND RAM
LDAA    #$C0            ;CONT=1,BITSE=1,DT=0,DSCK=0,PCS0=ACTIVE
STAA    $FD41
STAA    $FD42
STAA    $FD43
STAA    $FD44
STAA    $FD45
STAA    $FD46
STAA    $FD47
LDAA    #$40            ;CONT=0,BITSE=1,DT=0,DSCK=0,PCS0=ACTIVE
STAA    $FD48

*****  Initialize QSPI Transmit RAM *****

LDD     #$008F
STD     $FD20

LDD     #$00CF
STD     $FD22

LDD     #$009F
STD     $FD24

LDD     #$00DF
STD     $FD26

LDD     #$00AF
STD     $FD28

LDD     #$00EF
STD     $FD2A

LDD     #$00BF
STD     $FD2C

LDD     #$00FF
STD     $FD2E

LDD     #$0000
STD     $FD30

PULB
PULA
RTS

READ186:
;This routine triggers the QSPI microsequencer to autonomously
;trigger conversions on all 8 channels of the MAX186. Each
;conversion result is stored in the receive data RAM.

PSHA
LDAA    #$80
ORAA    SPCR1
STAA    SPCR1           ;just set SPE
PULA
RTS

*****  Interrupts/Exceptions  *****

BDM: BGND ;exception vectors point here

Low-Power, 8-Channel,
Serial 12-Bit ADCs
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Figure 20. MAX186/MAX188 Assembly-Code Listing (continued)
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TMS320C3x to MAX186 Interface 

Figure 22 shows an application circuit to interface the
MAX186/MAX188 to the TMS320 in external clock
mode. The timing diagram for this interface circuit is
shown in Figure 23.

Use the following steps to initiate a conversion in the
MAX186/MAX188 and to read the results:

1) The TMS320 should be configured with CLKX (trans-
mit clock) as an active-high output clock and CLKR
(TMS320 receive clock) as an active-high input clock.
CLKX and CLKR of the TMS320 are tied together with
the SCLK input of the MAX186/MAX188.

2) The MAX186/MAX188 CS is driven low by the XF_
I/O port of the TMS320 to enable data to be clocked
into DIN of the MAX186/MAX188.

3) An 8-bit word (1XXXXX11) should be written to the
MAX186/MAX188 to initiate a conversion and place
the device into external clock mode. Refer to Table
2 to select the proper XXXXX bit values for your spe-
cific application.

4) The SSTRB output of the MAX186/MAX188 is moni-
tored via the FSR input of the TMS320. A falling
edge on the SSTRB output indicates that the conver-
sion is in progress and data is ready to be received
from the MAX186/MAX188.

XF

CLKX

CLKR

DX

DR

FSR

CS

SCLK



DIN

DOUT

SSTRB

TMS320C3x
MAX186
MAX188

Figure 22. MAX186/MAX188 to TMS320 Serial Interface

• • • •

• • • •

• • • •

• • • •

CS

SCLK

SSTRB

DIN

Figure 21. QSPI Assembly-Code Timing

5) The TMS320 reads in one data bit on each of the
next 16 rising edges of SCLK. These data bits rep-
resent the 12-bit conversion result followed by four
trailing bits, which should be ignored.

6) Pull CS high to disable the MAX186/MAX188 until
the next conversion is initiated.
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PART† PIN-PACKAGE

MAX188_CPP 20 Plastic DIP

MAX188_CWP 20 SO

MAX188_CAP 20 SSOP

MAX188DC/D Dice*

MAX188_EPP Plastic DIP

-55°C to +125°C

TEMP. RANGE

0°C to +70°C

0°C to +70°C

0°C to +70°C

-40°C to +85°C

20 CERDIP**

MAX188_EWP 20 SO

MAX188_EAP -40°C to +85°C 20 SSOP

_Ordering Information (continued)

CS

SCLK

DIN

SSTRB

DOUT

START SEL2 SEL1 SEL0 UNI/BIP SGL/DIF PD1 PD0

MSB B10 B1 LSB
HIGH
IMPEDANCE

HIGH
IMPEDANCE

Figure 23. TMS320 Serial Interface Timing Diagram

___________________Chip Topography

VDD

I/O

SCK (SK)*

MOSI (SO)

MISO (SI)

VSS
SHDN

SSTRB

DOUT

DIN

SCLK

CS

VSS

AGND

DGND

VDD

REFADJ

CH7

  C3
0.1µF

C4 
0.1µF

CH0

+5V

   C2 
0.01µF

0V to
4.096V

ANALOG
INPUTS

MAX186
CPU

  C1
4.7µF

VREF

__________Typical Operating Circuit

PART BOARD TYPETEMP. RANGE

0°C to +70°C

0°C to +70°C

-40°C to +85°C

† NOTE: Parts are offered in grades A, B, C and D (grades defined
in Electrical Characteristics). When ordering, please specify grade.
*  Dice are specified at +25°C, DC parameters only.
* * Contact factory for availability and processing to MIL-STD-883.

CH2

CH7

CH6

CH5

CH4

CH3

CH0CH1 VDD SCLK

CS

DIN

SSTRB

DOUT

DGND

AGND

AGNDVSS SHDN VREF REFADJ



0.151"
(3.84 mm)

0.117"
(2.97 mm)



MAX186/MAX188

TRANSISTOR COUNT: 2278;
SUBSTRATE CONNECTED TO VDD
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DRQ0
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ECO 96-95 SOLDER MASK(D)

JRK
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14MHZ
SYSRST BUFRST /NMI
CLK SCLK BUFRST SD7
ASTB ALE SD6
/IW /SIOW IRQ2 SD5
/IR /SIOR SD4
/MW /SMEMW DRQ2 SD3
/MR /SMEMR SD2

IRQ1 SD1
SD0
READY

/SMEMW AEN
/SMEMR SA19
/SIOW SA18
/SIOR SA17

SA16
SA15

/DACK1 SA14
DRQ1 SA13
/DACK0 SA12

D0 SD0 SCLK SA11
D1 SD1 IRQ7 SA10
D2 SD2 IRQ6 SA9
D3 SD3 IRQ5 SA8

CLK D4 SD4 IRQ4 SA7
IRXD D5 SD5 IRQ3 SA6
ITXD D6 SD6 /DACK2 SA5

ITXD PWRGD D7 SD7 TC SA4
SYSRST A8 ALE SA3

IRXD A9 SA2
IRQ1 A10 BDIR 14MHZ SA1
IRQ2 A11 SA0
IRQ3 A12
IRQ4 A13
IRQ5 A14 D0 SA0
IRQ6 A15 D1 SA1
IRQ7 A16 D2 SA2

A17 D3 SA3
A18 D4 SA4

READY A19 D5 SA5
ASTB D6 SA6

D7 SA7
/NMI A16 SA16

ASTB A17 SA17

/DACK0 /MR A18 SA18
DRQ1 /IR
/DACK1 /MW A8 SA8 A19 SA19
DRQ2 /IW A9 SA9
/DACK2 A10 SA10

TC A11 SA11 ASTB
A12 SA12

/SIOW PETDOG A13 SA13
SA9 A14 SA14
SA8 A15 SA15
SA7
SA6
SA5
SA4 LIO
SA3
SA2
AEN D0

PWRGD /SIOR

/DACK1

PETDOG
DACK1

LIO
BDIR PWRGD

/DACK2

DACK1
DACK2 AEN

DACK2

ITXD
IRXD

RFSH

ITXD
IRXD

SD7
SD6
SD5
SD4
SD3
SD2
SD1
SD0

SA19
SA18
SA17
SA16
SA15
SA14
SA13
SA12
SA11
SA10

SA9
SA8
SA7
SA6
SA5
SA4
SA3
SA2
SA1
SA0

IRQ3
IRQ4

IRQ7

BUFRST

/SIOW
/SIOR

/SMEMW
/SMEMR

/COM1
/COM2
/LPT1

PAGEW

8255

SCLK

D0D0
D1D1
D2D2
D3D3
D4D4
D5D5
D6D6
D7D7

/MISC

MSEL

CTS3

RTS3

SPKSPK

ALE

PWRGD

TCTL2

14.318MHZ

CPUCLK

1.19MHZ

-12V

VCC

VCC

VCC

GND

GND

VCLK

VBAT

VCC

VBB

VCC

VCC

VCC

VCC

VCC

VCC

VCC

+12V

-12V

GND

GND

GND
GND

GND

GND

GND

GND
GND

VBAT

VCC

VCC

VCC

VCC

+12V
-12V

VBB

GND

VCC-12V

U33

V40

54

53

2

66
4

26
25
24
23
22
21
20
19
17
16
15
14
13
12
11
10
9
8
7
6

1
18 52

3

37
38
39
40
41
42
43

36

34
35

50

55

68

67

49
48
63
64
65
62
61
60
59
57
56
58

28
29
30
31
32
33
27

47
44
45
46
5

51

X1

X2

RESOUT

NMI
HLDRQ

AD0
AD1
AD2
AD3
AD4
AD5
AD6
AD7

A8
A9

A10
A11
A12
A13
A14
A15

A16/PS0
A17/PS1
A18/P22
A19/PS3

V
C

C
G

N
D

G
N

D

HLDAK

INT1
INT2
INT3
INT4
INT5
INT6
INT7

INTAK

RXD
TXD

ASTB

CLKOUT

RESET

READY

QS0
QS1
BS0
BS1
BS2

MRD
IORD
MWR

IOWR
BUFR/W

BUFEN
BUSLOCK

DMARQ0
DMACK0
DMARQ1
DMACK1
DMARQ2
DMACK2
END/TC

POLL
TCLK

TOUT2
TCTL2

REFRESH

HIGH

U34

MAX690

1
7

2
8

5
34

6

VOUT
RESET

VCC
VBAT

PFO
GNDPFI

WDI

J7

CON8

1
2
3
4
5
6
7
8

J30
1 2

J26
1 2

J25
1 2

U15

22V10

1
2
3
4
5
6
7
8
9

10
11 13

14
15
16
17
18
19
20
21
22
23CLK

I
I
I
I
I
I
I
I
I
I I

IO
IO
IO
IO
IO
IO
IO
IO
IO
IO

J31
1
3
5

2
4
6

BT1
3V COIN

+

RP1A

10K 10P 9R

2

J28
1
3

2
4

J8

PC104

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32

B1
B2
B3
B4
B5
B6
B7
B8
B9

B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
B31
B32

IOCHCK
SD7
SD6
SD5
SD4
SD3
SD2
SD1
SD0

IOCHRDY
AEN

SA19
SA18
SA17
SA16
SA15
SA14
SA13
SA12
SA11
SA10

SA9
SA8
SA7
SA6
SA5
SA4
SA3
SA2
SA1
SA0
GND

GND
RESET
+5V
IRQ2
-5V
DRQ2
-12V
OWS
+12V
GND
SMEMW
SMEMR
IOW
IOR
DACK3
DRQ3
DACK1
DRQ1
DACK0
CLK
IRQ7
IRQ6
IRQ5
IRQ4
IRQ3
DACK2
T/C
BALE
+5V
OSC
GND
GND

R16
10K

U30

74HCT245

2 18
3 17
4 16
5 15
6 14
7 13
8 12
9 11

19
1

A1 B1
A2 B2
A3 B3
A4 B4
A5 B5
A6 B6
A7 B7
A8 B8

G
DIR

C24 C8 C41 C33 C37 C14 C12 C1 C36 C31

C19 C26 C5 C16 C17 C32 C29 C20 C30

C28 C35 C34 C42 C43 C45 C38

22UF

C15

10UF

C2

.1UF

C4

.1UF

C3

.1UF

J3

1
2
3
4

6
7
8
9
105

C9

.1UF

U2

MAX232A

1

3
4

5

16

2
6

14
7

11
10

12
9

13
8

15

C1+

C1-
C2+

C2-

VCC

V+
V-

T1O
T2O

T1I
T2I

R1O
R2O

R1I
R2I

GND

+

RP6F

10K 10P 9R

7

J12

2

13

R22

330 OHMS

U20A

74HC32

1

2
3

U20D

74HC32

12

13
11

U13C

74HC04

5 6

U9D
74HC125

12 11

13

U9C
74HC125

9 8

10

U13B

74HC04

3 4

U27

74HC244

2
4
6
8

11
13
15
17

1
19

18
16
14
12
9
7
5
3

1A1
1A2
1A3
1A4
2A1
2A2
2A3
2A4

1G
2G

1Y1
1Y2
1Y3
1Y4
2Y1
2Y2
2Y3
2Y4

U22

74HC374

3 2
4 5
7 6
8 9

13 12
14 15
17 16
18 19

1
11

D0 Q0
D1 Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6
D7 Q7

OC
CLK

U28

74HC244

2
4
6
8

11
13
15
17

1
19

18
16
14
12
9
7
5
3

1A1
1A2
1A3
1A4
2A1
2A2
2A3
2A4

1G
2G

1Y1
1Y2
1Y3
1Y4
2Y1
2Y2
2Y3
2Y4

U26

74HC75

2

3

6

7

13
4

16
1
15
14
10
11
9
8

D1

D2

D3

D4

C12
C34

Q1
Q1
Q2
Q2
Q3
Q3
Q4
Q4

R25 10K

R24 10K

R23
1K

U13A

74HC04

12

U9A
74HC125

2 3

1

C44
.01UF
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/TXD1

RTS1
TXD1 /RXD1

/RXD1
D0 /TXD1
D1 RXD1
D2
D3 /CD1 /DSR1
D4 /RXD1 /RTS1
D5 /TXD1 /CTS1
D6 /DTR1 /RI1
D7

RTS1 /RTS1
/SIOR DTR1 /DTR1
/SIOW TXD1 /TXD1
SA0 GND
SA1 /DSR1

CTS1 /CTS1
DSR1 /DSR1 /RTS1 /RTS1
RXD1 /RXD1 RXD1
CD1 /CD1

RI1

/DSR1

RTS2 /RTS2 /TXD2
DTR2 /DTR2
TXD2 /TXD2
GND RTS2

TXD2 /RXD2
CTS2 /CTS2 /RXD2
DSR2 /DSR2 /TXD2
RXD2 /RXD2 RXD2
CD2 /CD2
RI2 /CD2 /DSR2

/RXD2 /RTS2
/TXD2 /CTS2
/DTR2 /RI2

D0 RTS1
D1 CTS1
D2 DTR1
D3 DSR1 /DSR2
D4 CD1
D5 RI1 /RTS2 /RTS2
D6 TXD1 RXD2
D7 RXD1 RI1

/SIOR RTS2 /RI1
/SIOW CTS2 /DSR2

DTR2
DSR2
CD2
RI2
TXD2

PWRGD RXD2 RI2
/STB /AFD

PD0 /ERROR /RI2
PD1 /INIT
PD2 /SLIN
PD3

SA0 PD4
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VCC

VCC

VCC

VCC

VCC

U10
16C452

14
15
16
17
18
19
20
21

37
36

45
60
59

39

32
3

38

35
34
33

4

24
28
25
31
29
30
26
41

12
13
11
5
8
6
10
62

53
52
51
50
49
48
47
46

57
56
55
58
63
65
66
67
68
1

44

23 40 64

2
7
9

22
27
42
43
54
61

D0
D1
D2
D3
D4
D5
D6
D7

/IOR
/IOW
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/MISCW

SELCT
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D0 DIN
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D4 CKDIR
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D6 RTS3
D7
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/MISCW SHCLK ACH0

DIN ACH1
I/O

ACH2

D0 I/O ACH3
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D3
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D6 RTS3 ACH6
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I/O DIN
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CPUCLK
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SA0 SA0 D0 SA0 D0 SA0 D0 SA0 D0
SA1 SA1 D1 SA1 D1 SA1 D1 SA1 D1
SA2 SA2 D2 SA2 D2 SA2 D2 SA2 D2
SA3 SA3 D3 SA3 D3 SA3 D3 SA3 D3
SA4 SA4 D4 SA4 D4 SA4 D4 SA4 D4
SA5 SA5 D5 SA5 D5 SA5 D5 SA5 D5
SA6 SA6 D6 SA6 D6 SA6 D6 SA6 D6
SA7 SA7 D7 SA7 D7 SA7 D7 SA7 D7
SA8 SA8 SA8 SA8 SA8
SA9 SA9 SA9 SA9 SA9
SA10 SA10 SA10 SA10 SA10
SA11 SA11 SA11 RFSH SA11 SA11
SA12 SA12 SA12 SA12 SA12
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SA15 P30 P1 P30A P1A P30B P1B
SA16
SA17 MA18 MA15 P31A P31B
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SA19 MA17 /SMRD /SMRD MA14 /SMRD P3A /SMRD P3B

MA18
MA14 /SMWR P29A P29B

MA15

P32

D0 MA14 SA14 P29A MA14 P29B MA14
D1 MA15 SA15 /SMWR P3A /SMWR P3B
D2 MA16 SA16 SA0 D0 P31A MA15 P31B MA15
D3 MA17 SA17 SA1 D1 MA18 GND MA18 GND
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D5 MA19 SA19 SA3 D3 P30A P30B
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SA0
SA1
SA2
SA3
SA4
SA5
SA6
SA7
SA8
SA9
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