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IMP-16A/521D, IMP-16A/522D, IMP-SA/5200 

MOS/LSI control and read only memory u nit (CROM) 

ge neral description 

The Control and Read Only Memory Unit (CROM) 
is a member of a new family of rrucroprocessor 
devices, and is a monolithic MOS/LSI circuit 
utilizing standard P-channel, enhancement mode, 
silicon gate technology. It provides read only 
microprogram storage and control logic and is 
designed for use with the Register and Arithmetic 
Logic Unit (RALU). The CROM provides storage 
for one-hundred microinstructi<;ms of 23 bits each. 
Circuitry is also provided for program sequencing, 
subroutine execution, and translation of micro­
instructions into RALU commands. One CROM 
may be used with 1 to 8 RALU's to implement 
systems with 4 to 32-bit word lengths. Multiple 
CROM's may be used to provide expanded capa­
bility. CROM's are available with standard 8 and 
16-bit instruction sets. (Other sets may be ·avail­
able in the future.) 

The CROM operates on +5V and -12V supplies 
with 4-phase, non-overlapping clocks. Signals which 
are intended for interface with the RALU are 
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MOS level, while those which are intended for 
interfacing with the rest of the system are TTL 
levels. 

features 
■ Standard supplies 
■ Bipolar compatibility 
■ Standard package 
■ High speed 
■ Microprogrammable 
■ Subroutine capability 
■ Expandable 

applications 

+5V, -12V 
Drives TTL 
24 pin DIP 
~ 700 kHz 
100 words 

Return address register 
Up to 4 CROM's 

■ Standard IMP instruction sets 
■ Expansion of standard instruction sets 
■ Custom instruction sets 
■ Custom application control programs 
■ Control of 4 to 32-bit microprocessors when 

used with Register and Arithmetic Logic Unit 
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. absolute maximum ratings 

' 

All Input or Output Voltages With Respect 

to Most Positive Supply Voltage (Vss) 
Operating Temperature Range 

Storage Temperature 

Power Dissipation 

+0.3V to -20V 

0
°
C to +70

°
C 

-65
°
C to +150

°
C 

1W Maximum at +25
°
C 

Note: Maximum ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits 
is not intended and should.be limited to those conditions specified under de electrical characteristics. 

electrica I cha racte rist ics 

(TA= 0
°
C to +70

°
C; Vss = +SV ±5%; VGG =-12V ±5%, VLL = GND) 

PARAMETER CONDITIONS MIN TYP MAX UNITS (Note 2) (Note 2) 

Logic "1" Input (MOS and TTL) (V 1N11il (Note 1) Vss -1 V 

logic "O" Input (MOS) (V IN<OI) Vss - 7.0 V 

logic "O" Input (TTL) (V IN<Ol) Vss - 4.2 V 

Logic "O" Input Current (TTL) (I IN IOI) V1N = OV -1.75 mA 

Input leakage Current (MOS) (Id v,N = +5.0 to -12v 2 µA 

logic 'T' Output (MOS) (VouT<1>l Vss -0.6 V 

logic "O" Output (MOS) (VouT<od Vss - 8.0 V 

logic "1" Output (TTL) (VouT<11l louT = 0.2 mA 2.4 V 

logic "O" Output (TTL) (V ouT <Ol) louT = -2.0 mA 0.4 V 

Pull-up Transistor "on" Resistance (RPULL-uPl (Note 1) v,N = Vss - 1.ov 3.0 5.0 kQ 

01(0) - 01(7) Input Capacita�ce (C5) v,N = Vss, fT = 700 kHz 5.0 10 pF 

NJCNO, ENCTL, LOCSH, HOCSH Input Capacitance V1N = V5s, fT = 700 kHz 11 14 pF 

Clock Input Capacitance (Cc) v,N = V55, fT = 700 kHz 30 40 60 pF 

Clock "1" level (V
4>(1)) (Note 3) Vss - 1.0 Vss V 

Clock "O" level (V 
4><o>) VGG VGG + 1.0 V 

load Capacitance For 01(0). (1), (2), (3) (Cd 25 pF 
HOCSH. LOCSH 22 pF 
ENCTL,NFLEN 20 pF 
NCB(O), (1), (2). (3) 50 pF 

Power Dissipation (P0) (T 1 - T 8 Equal Width) f = 700 kHz 700 950 mW 

Note 1: Internal pullup provided for TTL inputs. Refer·to Figure 3 and text. 

Note 2: Max . ..  most positive; Min. = most negative. 

Note 3: Clamp diodes and series damping resistors may be required
, 
to prevent dock overshoot. 

' 



FUNCTIONAL DESCRIPTION 

A block _diagram of the Control and Read Only 
Memory (CROM) chip is shown in Figure 1. 
The ROM provides storage for one-hundred 23-bit 
microinstructions. This is sufficient to imple­
ment a macroinstruction set comparable to many 
mini-computers, or to provide a control program 
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directly in microcode. In cases where larger pro­
grams are desired, up to four CROM chips may 
be used in a single processor. (CROM's which 
implement 8- and 16-bit instruction sets are 
available as standard products.) 
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FIGURE 1. CROM Block Diagram 
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A simplified version of the ROM bit functions is 
indicated in Table I. For explanation purposes 
the functions have been divided into three classes. 
The class is specified by the control fields, which 
are also used for special functions. The arithmetic 
class allows specification of the registers to be 
loaded on the A and 8-bus of the RALU, the 
ALU operation to be performed (AOP), a shift 
operation and the register to be loaded from the 
R-bus. The 1/0 class provides fields for addressing 
a register for data output and a register for data 
input as well as setting (SF) and/or resetting 
(RF) one of 16 external control flags to indicate 

jump class provides a 9-bit address field, selection 
of up to 16 jump conditions (JCOND), an uncon­
ditional jump command (JUC) and specification of 
a subroutine jump or return (JSR/RET). (The 
jump condition and flag logic is provided off 
the chip to save pins. Standard product bipolar 
MSI circuits are available which provide eight 
control flags in a single addressable latch and 8 or 
16 jump conditions with a single multiplexer.) 

The ROM has 9 programmable address inputs 
which come from the ROM address register (RAR). 
The RAR is a 9-bit synchronous counter with 
parallel load inputs which normally counts sequen­
tially through ROM addresses. When a program 
branch is desired the contents of the RAR may be 
altered by parallel loading from one of several 
sources. One possibility is to load an address 
specified by the microcode stored in the ROM. 
This may be either a conditional or unconditional 
branch. Conditional branches are controlled· by· 
the jump condition input (NJCND). An external 
jump condition multiplexer drives NJCND and 
may apply one of up to 16 conditions to the 
input. The condition applied is selected by the 
jump/flag address which is sent out over pins 01(0), 
(1 ), (2), and (3) at the beginning of each micro­
instruction cycle. The RAR may also be loaded 
from the subroutine address register (SRA). This 
register is loaded from the RAR if a jump to 
subroutine is specified by the microcode. The 
SRA is loaded back into the RAR when a return 
from subroutine is executed. There are two pro­
grammable addresses which may be loaded into 
the RAR. These are the address of the instruction 
fetch routine, which will be loaded into the RAR 
when a new macroinstruction is to be "fetched" 
from the system memory, and the address of the 
initialize routine, which will be loaded when the 
power is turned on. The final method of loading the 
RAR is from the CROM instruction register (Cl R). 
This register is loaded from external memory, 
or an 1/0 device, with a macroinstru·ction to be 
executed. The Cl R is loaded into the RAR as 
commanded by the microprogrammed "fetch" 
routine. The Cl R bits are masked by the outputs 
of the Address Control ROM (ACR) before being 
loaded into the RAR. The masking is used to set 
bits which are not part of the instruction opcode 
to zero. There are 12 masks available; the one used 
is selected by the current contents of the CIR 

(i.e., each instruction selects its own mask). The 
selection code and masks are both programmable. 

The HOCSH and LOCSH (High and Low Order 
Carry/Shift) signals are used to implement carry 
and shift operations. LOCSH is used to provide a 
low order carry in for the ALU. This is useful for 
incrementing, two's complementing a number or 
emitting (serial) bit patterns to the ALU. During 
circular shift operations HOCSH and_ LOCSH are 
tied together by an internal transistor, allowing 
shifts to propagate between the most and least 
significant ALU bits. In the case of open shifts 
the HOCSH and LOCSH pins provide trailing 
zeroes to be shifted into the ALU. 

Control information from the CROM to the RALU 
is sent over four time-multiplexed lines (NCB(0), 
(1 ), (2), and (3)). Four 4-bit commands are sent 
each microinstruction cycle. These lines go to all 
RALU chips in parallel. The enable control pin 
(ENCTL) and the chip enable circuitry are used 

· for systelT)s having more than one CROM (for 
microprograms with more than 100 words). 

Details of signal functions and timing are presented 
in the following sections. Positive true logic signals 
are used (" 1" = more positive voltage, "0" = more 
negative voltage). Signal names beginning with N 
are complemented signals. 

FUNCTIONAL DESCRIPTION OF SIGNALS 

The timing diagram (Figure 2) is divided into 8 
time intervals (T 1 - T 8) based on the 4-phase non­
overlapping clocks. The clock inputs have MOS 
levels of +5V and -12V and occur during the odd 
time intervals. Thus phase 1 is a logic "0" (-12V) 
during T1 and a logic "1" (+5V) during T2 - T8. 

Commands 

The command outputs to the RALU occur on pins 
20, 18, 19, and 17 which correspond to command 
bits NCB(0), (1 ), (2), and (3). The command out­
puts are complemented MOS signals and are multi­
plexed over the 4 odd time intervals in each cycle 
(T1, T3, T5, T7). Outputs are driven negative to 
logic "0" during the even time intervals. The 
command functions for each bit are indicated in 
the diagram. During T 1, the three least significant 
command bits specify the address of the register 
to be loaded onto the A-bus. Registers R1 - R7 are 
addressed by binary values of 1 - 7 respectively. A 
value of zero causes the A-bus to be set equal to 
zero. The fourth command bit is used to enable 
stack operations. If NCB(3) is at a logic "1" (most 
positive level) no stack operation occurs. If it is at 
a logic "0" stack operations are enabled, but will 
only occur if the A or R-bus address is zero. If 
the A-bus address is zero the stack wi II be pµlled 
onto the A-bus. If the R-bus address is zero, the 
R-bus will be pushed onto the stack. 



SIGNALS LOGIC TIME INTERVALS PIN PIN 

(Note 1) LEVELS T2 T3 T4 T5 T6 n T8 FUNCTION NO. 

� t/!, MOS INPUT 16 

� MOS INPUT 15 

t/)s MOS INPUT 14 ., MOS INPUT 13 
� 

NCB(Ol MOS AO "O" Im "O" AiJRi "O" 1m "O" OUTPUT 20 

NCB(l) MOS Al "O" Bi "O" AW1 "O" iTT "O" OUTPUT 18 

NCB(2) MOS 'Ri. "O" � "O" � "O" � "O" OUTPUT 19 

NCB(3) MOS STACK "O" c5MP "O" CTl1 "O" i75 "O" OUTPUT 17 
.DAIA J/FL 

Dl(0).(1).(21,131 TTL ADDR 1-- DON'T CARE INPUT (DC) I DATA 

I : (I�=�:' 
DC 1/0 9,8,10,7 

(OUT) 
Dl(4),(5),(61,(71 TTL DON'T CARE DC INPUT 5.4,3.2 

CONTROL "O" 
ENCTL MOS (OUT) 

NFLEN TTL "1" 

Im JF ETCH (IN/OUT) .1. UNSPECIFIED OUTPUT 

-rn 1... "1" -----I � i.--"1" 

1/0 11 

OUTPUT 23 
MISC 

NJCND TTL JCOND •I• DON'T CARE (DC) ---t DATA I DC INPUT ovml (Note31 

I 
"1" I- (Note 2) --l "1" 

HOCSH MOS (OUT) (;�;I (IN) 
HIGH 

(OUT) SHIFTll/0) 1/0 22 IMPEDANCE 

LOCSH MOS DC t---.. 1 .. (IN)-+ L.O. CARRY
� 

"1" §ITT°T(l/0) 1/0 21 (OUT) (OUT) 

Note 1: A positive true logic convention ir used for all signals except clocks. Signal names beginning with N are complemented 
signals. 
Note 2: HOCSH at T4 and TS is in the TRI-STATE high impedance output mode of CROM load drivers. 
Note 3: "1" (OUT) means CROM is driving this node to the logic "1" level during the defined interval. For 1/0 lines the logic 
state is defined as ""in"" or ··out." Input or outpUt nodes are defined only as "1" or "O." 

FIGURE 2. CROM Timing Diagram 

During T3 the three least significant bits specify 
the address of the register ( R 1 - R7 ) to be loaded 
on the B-bus. The most significant bit specifies 
that the A-bus is to be complemented when it is 
transferred to the IA-bus. During T 5 NCB(1) and 
NCB(0) specify the ALU operation to be per­
formed, while NCB(3) and NCB(2) are used to 
specify control f.unctions: 

During T 7 the three least significant bits specify 
the address of the register (R 1 - R7) to be loaded 
from the R-bus. The most significant bit specifies 
that the R-bus is to be set equal to the output of 
the 1/0 multiplexer rather than the shifter. 

Data 

Instructions to the CROM are transferred over the 
data input lines (Dl(0) - DI(7)) into bits 0 - 7 of 
the Cl R. (Bit 8 of the Cl R is loaded from the 
NJCND input.} Data input occurs at T 7; As with 
all TTL inputs on the CROM a 3k - 5k pull-up is 
provided on the chip to insure an adequate logic 
"1" level (see Figure 3). The pull-up is provided 
by an MOS transistor which is turned on during 
the data input interval (T 7). Signal Ii nes D 1(0) -
DI (3) are also used to· output a 4-bit address to 
the control fiags and jump conditions. This ad­
dress output becomes valid during T 1 and must 
be stored in an external latch at the end of T 1• 

Control Signals 

The enable control (ENCTL) is a "wired-or" signal 
line required for operation o� multiple CROM's. 
It provides a logic "1" output at T 2 - T 4 whenever 
a branch to the instruction fetch routine occurs, 
and responds to a logic "1" input at T 2 - T 4 by 
executing a branch to the instruction fetch routine 
ano disabling if the instruction has not been 
implemented in that particular CROM. The flag 
enable (NFLEN) control output is used to set or 
reset flags addressed by Dl(0) - DI(3) at T 1 of the 
current cycle. A logic "0" output at T2 specifies 
setting of the addr�ssed flag while a ·Iogic "0" 
output at T 6 specifies resetting. 

Miscellaneous Signals 

The jump condition input line (NJCND) is used to 
input conditional branch information at T 1 and 
T2 as specified by the jump condition addressed by 
DI (0) - DI (3) at T 1. If the input is a logic "0" 
and a conditional branch has been specified for 
the current cycle, a branch will occur. The NJCND 
input is also used to load data into Cl R(8) at T 7• 

The high and low order carry/shift lines (HOCSH 
·and LOCSH) are used to provide shift and carry 
information to the RALU chips. If a circular shift 
has been specified, HOCSH and· LOCSH are con­
nected together on the CROM during T 7 and T 8 
by a low on-resistance MOS transistor switch. For 
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FIGURE 3. CROM Driver and Receiver Buffer 

the case of a circular left sh ift HOCSH serves as an 
input driven by the most significant RALU and 
LOCSH serves as an output to the least sign ificant 
RALU and fol lows the voltage input at HOCSH. 
The di rection of data transfer is reversed for circu lar 
r ight shift. In the case of open ended shifts the 
CROM output ( LOSCH for left sh ift and HOCSH 
for r ight shift) provides a logic " 1 "  to the RALU 
(since the shift data is complemented this wi l l  pro­
vide a trai l i ng "0" for the shift operat ion ) and 
ignores the shift i nput data from the RALU . The 
carry input to the least sign ificant RALU is pro­
vided by LOCSH at T 4 and T 5 . The overflow and 
carry flags on the RALU are enabled by the output 
of HOCSH at T 1 . A logic " 1 " input is required to 
HOCSH at T 3 . Th is l i ne is precharged to a logic " 1 "  
a t  T 2 . A logic " 1 "  input i s  requ ired for LOCSH a t  T 2 

and T 3 . The LOCSH input wi l l  be precharged to a 
logic " 1 "  at T 1 when connected to CSH0 of an 
RALU.  

SIGNAL T IMING SPECIFICAT IONS 
The t iming specifications for a l l  C ROM signals 
are shown in F igure 4. These specifications apply 
over the complete range of recommended operat­
ing conditions. Time intervals are defined with 
respect to the 1 0% and 900/4 points of the four 
MOS clock inputs. The command outputs on 
the NCB bus become val id within the first 
85 ns of the odd ti me i ntervals .  These l i nes 
are driven to a logic zero with in  the f irst 85 ns 
of the even time intervals. The jump condition 
and flag address outputs on D l (0) - Dl(3)  
become val id within the first 80 ns of T 1 and 
remain val id for at least 1 0  ns after the 90% 
poi nt at the end of T 1 . Data inputs to al l 
DI l i nes must be val id for at least the last 
35 ns of T 7 and must remain val id  unti l the 
1 0% point at the start of T 8 • Tim ing for the 
remaining signals is sim i lar .  ( Note that signals may 
not change state duri ng "va l id" t ime intervals.) 
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FIGURE 4. CROM Signal Timing Specifications 
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physical  dimensions 
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Cavity Dual-In-Line Package (D) 

The basic CROM device is available with a variety of different microcode masks to tailor it to different appli ­
cations. The mask versions defined so far include: 

IMP-1 6A/521 D 
I MP-1 6A/522D 
IMP-SA/520D 
IMP-4A/521 D 

16-Bit Standard Instruction Set 
16-Bit Extended Instruction Set 
8-Bit Standard I nstruction Set 
4-Bit Standard I nstruction Set 

National Semiconductor Corporation 
2900 Semiconductor Drive, Santa Clara, California 95051,  (408) 737-5000/TWX (910) 339-9240 

National Semiconductor GmbH 
808 Fuerstenfeldbruck, lndustriestrasse 10, West Germany, Tele. (08141) 1371 /Telex 05- 27649 

National Semlco.nductor (UK) Ltd. 
Larkfield Industrial Estate, Greenock, Scotland, Tele. (0475) 33251/Telex 778-632 

National does not assume an, responsibihty lo, use of HJ circuitry described; no circuit pat1111t ticeMn are ir1111litd; 11111 National reserves Ille rigbt, at any time without notice, to chanp said cir.cuitry. 


